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ABSTRACT 



A liquid crystal display device according to the present 
invention includes a first substrate, a second substrate, and 
a liquid crystal layer interposed between the first substrate 
and the second substrate. The first substrate includes: a 
plurality of gate lines; a plurality of source lines arranged lo 
cross with the plurality of gate lines; a plurality of switching 
elements disposed in the vicinity of crossings of the plurality 
of gate lines and the plurality of source lines; and a plurality 
of pixel electrodes connected to the plurality of switching 
elements. The second substrate includes a counter electrode. 
A plurality of pixel regions are defined by the plurality of 
pixel electrodes, the counter electrode, and the liquid crystal 
layer interposed between the plurality of pixel electrodes 
and the counter electrode, and each of the plurality of pixel 
regions includes a reflection region and a transmission 
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LIQUID CRYSTAL DISPLAY IN WHICH AT 
LEAST ONE PIXEL INCLUDES BOTH A 
TRANSMISSIVE REGION AND A 
REFLECTIVE REGION 

This is a divisional of application Ser. No. 09/122,756, 
filed Jul. 27, 1998 now U.S. Pat. No. 6,195,140, the entire 
content of which is hereby incorporated by reference in this 
application. 

FIELD OF THE INVENTION 

The present invention relates to a liquid crystal display 
device and a method for fabricating the liquid crystal display 
device. More particularly, the present invention relates to a 
liquid crystal display device having a transmission display- 
region and a reflection display region in each pixel, and a 
method for fabricating such a liquid crystal display device. 

DESCRIPTION OF THE RELATED ART 

Due to the features of being thin and consuming low 
power, liquid crystal display devices have been used in a 
broad range of fields including office automation (OA) 
apparatuses such as wordprocessors and personal 
computers, portable information apparatuses such as por- 
table electronic schedulers, and a camera-incorporated VCR 
provided with a liquid crystal monitor. 

display and an electroluminescence (EL) display. Therefore, 
a so-called transmission type is often used as the liquid 
crystal display device, which includes an illuminator called 
a backlight disposed at the rear or one side thereof, so that 
the amount of the light from the backlight which passes 
through the liquid crystal panel is controlled by the liquid 
crystal panel in order to realize image display. 

In such a transmission type liquid crystal display device, 
however, the backlight consumes 50% or more of the total 
power consumed by the liquid crystal display device. Pro- 
viding the backlight therefore increases the power consump- 

In order to overcome the above problem, a reflection type 
liquid crystal display device has been used for portable 
information apparatuses which are often used outdoors or 
carried with the users. Such a reflection type liquid crystal 
display device is provided with a reflector formed on one of 
a pair of substrates in place of the backlight so that ambient 
light is reflected from the surface of the reflector. 

Such a reflection type liquid crystal display device is 
operated in a display mode using a polarizing plate, such as 
a twisted nematic (TN) mode and a super twisted nematic 
(STN) mode which have been broadly used in the transmis- 
sion type liquid crystal display devices. In recent years, there 
has been vigorous development of a phase change type 
guest-host mode which does not use a polarizing plate and 
thus realizes a brighter display. 

The reflection type liquid crystal display device using the 
reflection of ambient light is disadvantageous in that the 
visibility of the display is extremely lower when the sur- 
rounding environment is dark. Conversely, the transmission 
type liquid crystal display device is disadvantageous when 
the environment is bright. That is, the color reproducibility 
is lower and the display is not sufficiently recognizable 
because the display light is less bright than the ambient light. 
In order to improve the display quality under a bright 
environment, the intensity of the light from the backlight 
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needs to be increased. This increases the power consumption 
of the backlight and thus the result nit liquid crystal display 
device. Moreover, when the liquid crystal display device 
needs to be viewed at a position exposed to direct sunlight 

5 or direct illumination light, the display quality is inevitably 
lower due to the ambient light. For example, when a liquid 
crystal display screen fixed in a car or a display screen of a 
personal computer used at a fixed position receives direct 
sunlight or illumination light, surrounding images are 

to mirrored, making it difficult to observe the display itself. 
In order to overcome the above problems, a construction 
which realizes both a transmission mode display and a 
reflection mode display in one liquid crystal display device 
has been disclosed in, for example, Japanese Laid-Open 

1 5 Publication No. 7-333598. Such a liquid crystal display 
device uses a semi-transmissive reflection film which trans- 
mits part of light and reflects part of light. 

I 1(1 52 shows such a liquid crystal display device using 
a semi-transmissive reflection film. The liquid crystal dis- 

20 play device includes polarizing plates 30a and 30b, a phase 
plate 31, a transparent substrate 32, black masks 33, a 
counter electrode 34, alignment films 35, a liquid crystal 
layer 36, metal-insulator-metal (MIM) elements 37, pixel 
electrodes 38, a light source 39, and a reflection film 40. 

25 The pixel electrodes 38, which are the semi-transmissive 
reflection films, are extremely thin layers made of metal 
particles or layers having sporadical minute hole defects or 
concave defects therein formed over respective pixels. Pixel 

30 electrodes with this construction transmit light from the light 
source 39 and at the same time reflect light from outside 
such as natural light and indoor illumination light, so that 
both the transmission display function and the reflection 
display function are simultaneously realized. 

35 The conventional liquid crystal display device shown in 
FIG. 52 has following problems. First, when an extremely 
thin layer of deposited metal particles is used as the semi- 
transmissive reflection film of each pixel, since the metal 
particles have a large absorption coefficient, the internal 

40 absorption of incident light is large and some of the light is 
absorbed without being used for display, thereby lowering 
the light utilization efficiency. 

When a film having sporadical minute hole defects or 
concave defects therein is used as the pixel electrode 38 of 

45 each pixel, the stmcture of the film is too complicated to be 
easily controlled, requiring precise design conditions. Thus, 
it is difficult to fabricate the film having uniform character- 
istics. In other words, the reproducibility of the electrical or 
optical characteristics is so poor that control of the display 

50 quality in the above liquid crystal display device is 
extremely difficult. 

For example, if thin film transistors (TFTs), which in 
recent years have been generally used as the switching 
elements of liquid crystal display devices, are attempted to 

55 be used for the above liquid crystal display device shown in 
FIG. 52, an electrode for the formation of a storage capacitor 
in each pixel needs to be formed by an electrode/ 
interconnect material other than that for the pixel electrode. 
In this case, the pixel electrode made of the semi- 

eo transmissive reflection film, as in this conventional device, 
is not suitable for the formation of a storage capacitor. 
Moreover, even when the semi-transmissive refleclion film 
as the pixel electrode is formed over part of the interconnects 
and elements via an insulating layer, the pixel electrode 

"5 which includes a transmissive component hardly contributes 
to an increase in the numerical aperture. Also, if light is 
incident on a semiconductor layer of the switching element 
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such as a MIM and a TFT, an optically pumped current is 
generated. The formation of the semi-transmissive reflection 
film as the light-shading layer is insufficient for the protec- 
tion of the switching element from light. To ensure light- 
shading, another light-shading film is required to be dis- 5 
posed on the counter substrate. 

SUMMARY OF THE INVENTION 
The liquid crystal display device of this invention 
includes a first substrate, a second substrate, and a liquid in 
crystal layer interposed between the first substrate and the 
second substrate, a plurality of pixel regions being defined 
by respective pairs of electrodes for applying a voltage to the 
liquid crystal layer, wherein each of the plurality of pixel 
regions includes a reflection region and a transmission 15 

In one embodiment of the invention, the iirst substrate 
includes a reflection electrode region corresponding to the 
reflection region and a transmission electrode region corre- 
sponding to the transmission region. 20 

In another embodiment of the invention, the reflection 
electrode region is higher than the transmission electrode 
region, forming a step on a surface of the Iirst substrate, and 
thus a thickness of the liquid crystal layer in the reflection 
region is smaller than a thickness of the liquid crystal layer 25 
in the transmission region. 

In still another embodiment of the invention, the occupa- 
tion of an area of the reflection region in each of the pixel 
regions is in the range of about 10 to about 90%. 

Alternatively, the liquid crystal display device of this 
invention includes a first substrate, a second substrate, and 
a liquid crystal layer interposed between the first substrate 
and the second substrate, wherein the first substrate 
includes: a plurality of gate lines; a plurality of source lines ^ 
arranged to cross with the plurality of gale lines; a plurality 
of switching elements disposed in the vicinity of crossings 
of the plurality of gale lines and the plurality of source lines; 
and a plurality of pixel electrodes connected to the plurality 
of switching elements, the second substrate includes a 
counter electrode, a plurality of pixel regions are defined by 
the plurality of pixel electrodes, the counter electrode, and 
the liquid crystal layer interposed between the plurality of 
pixel electrodes and the counter electrode, and each of the 
plurality of pixel regions includes a reflection region and a ^ 
transmission region. 

In one embodiment of the invention, the first substrate 
includes a reflection electrode region corresponding to the 
reflection region and a transmission electrode region corre- 
sponding to the transmission region. 5Q 

In another embodiment of the invention, the reflection 
electrode region is higher than the transmission electrode 
region, forming a step on a surface of the Iirst substrate, and 
thus a thickness of the liquid crystal layer in the reflection 
region is smaller than a thickness of the liquid crystal layer 55 
in the transmission region. 

In still another embodiment of the invention, the thickness 
of the liquid crystal layer in the reflection region is about a 
half of the thickness of the liquid crystal layer in the 
transmission region. 60 

In still another embodiment of the invention, each of the 
pixel electrodes includes a reflection electrode in the reflec- 
tion electrode region and a transmission electrode in the 
transmission electrode region. 

In still another embodiment of the invention, the reflec- c5 
tion electrode and the transmission electrode are electrically 
connected to each other. 
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In still another embodiment of the invention, each of the 
pixel electrodes includes a transmission electrode, and the 
reflection region includes the transmission electrode and a 
reflection layer isolated from the transmission electrode. 

In still another embodiment of the invention, the reflec- 
tion electrode regions overlap at least a portion of the 
plurality of gate lines, the plurality of source lines, and the 
plurality of switching elements. 

In still another embodiment of the invention, at least 
either of the reflection electrode regions and the transmis- 
sion electrode regions have a layer formed of the same 
material as a material for the plurality of gate lines or the 
plurality of source lines. 

In still another embodiment of the invention, the occupa- 
tion of an area of the reflection region in each of the pixel 
regions is in the range of about fO to about 90%. 

In still another embodiment of the invention, the first 
substrate further includes storage capacitor electrodes for 
forming storage capacitors with the pixel electrodes via an 
insulating film, wherein the reflection electrode regions 
overlap the storage capacitor electrodes. 

In still another embodiment of the invention, the liquid 
crystal display device further includes microlenses on a 
surface of the first substrate opposite to the surface facing 
the liquid crystal layer. 

In still another embodiment of the invention, each of the 
reflection electrode regions includes a metal layer and an 
interlayer insulating film formed under the metal layer. 

In still another embodiment of the invention, the metal 
layer has a continuous wave shape. 

In still another embodiment of the invention, a surface of 
the interlayer insulating layer is of a concave and convex 

In still another embodiment of the invention, the inter- 
layer insulating layer is formed of a photosensitive polymer 
resin film. 

In still another embodiment of the invention, the inter- 
layer insulating layer covers at least a portion of either the 
switching element, the plurality of gate lines, or the plurality 
of source lines. 

In still another embodiment of the invention, the reflec- 
tion electrodes are formed at the same level as the plurality 
of gate lines or the plurality of source lines. 

In still another embodiment of the invention, the reflec- 
tion electrodes are formed at the same level as the plurality 
of gate lines, and the reflection electrodes are electrically 
connected to the gate lines for the pixel electrodes adjacent 
to the reflection electrodes. 

In still another embodiment of the invention, the same 
signals applied to the counter electrode are applied to the 
reflection electrodes. 

In still another embodiment of the invention, the reflec- 
tion electrodes are formed at the same level as the plurality 
of gate lines, and the reflection electrodes form storage 
capacitors by overlapping drain electrodes of the switching 
elements or the transmission electrodes. 

In still another embodiment of the invention, the reflec- 
tion electrode is formed of Al or an Al alloy. 

In still another embodiment of the invention, the trans- 
mission electrode is formed of ITO, and a metal layer 
interposes between the transmission electrode and the reflec- 
tion electrode. 

According to another aspect of the invention, a method for 
fabricating a liquid crystal display device is provided. The 
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liquid crystal display device includes a first substrate, a 
second substrate, and a liquid crystal layer interposed 
between the first substrate and the second substrate, the first 
substrate including: a plurality of gate lines; a plurality of 
source lines arranged to cross with the plurality of gate lines; 
a plurality of switching elements disposed in the vicinity of 
crossings of the plurality of gate lines and the plurality of 
source lines; and a plurality of pixel electrodes connected to 
the plurality of switching elements, the second substrate 
including a counter electrode, a plurality of pixel regions are 
defined by the plurality of pixel electrodes, the counter 
electrode, and the liquid crystal layer interposed between the 
plurality of pixel electrodes and the counter electrode, each 
of the plurality of pixel regions including a reflection region 
and a transmission region. The method includes the steps of: 
forming the transmission electrode regions using a material 
having a high light transmittance on the first substrate; 
forming photosensitive polymer resin layers; and forming 
reflection layers made of a material having a high reflectance 
on the polymer resin layers. 

In one embodiment of the invention, the photosensitive 
polymer resin layers have a plurality of concave and convex 
portions. 

Alternatively, a method for fabricating a liquid crystal 
display device of this invention is provided. The liquid 
crystal display device includes a first substrate, a second 
substrate, and a liquid crystal layer interposed between the 
first substrate and the second substrate, the first substrate 
including: a plurality of gate lines, a plurality of source lines 
arranged to cross with the plurality of gate lines; a plurality 
of switching elements disposed in the vicinity of crossings 
of the plurality of gate lines and the plurality of source lines; 
and a plurality of pixel electrodes connected to the plurality 
of switching elements, the second substrate including a 
counter electrode, a plurality of pixel regions are defined by 
the plurality of pixel electrodes, the counter electrode, and 
the liquid crystal layer interposed between the plurality of 
pixel electrodes and the counter electrode, each of the 
plurality of pixel regions including a reflection region and a 
transmission region. The method includes the steps of: 
forming the transmission electrode regions using a material 
having a high light transmittance on the first substrate; 
forming protection films on the transmission electrode 
regions; and forming layers having a high reflectance on 
portions of the protection films to form the reflection elec- 
trode regions. 

In one embodiment of the invention, the transmission 
electrode regions arc formed at the same level as the 
plurality of source lines. 

Thus, the invention described herein makes possible the 
advantages of ( 1) providing a liquid crystal display device of 
a type realizing both a transmission mode display and a 
reflection mode display simultaneously where the light 
utilization efficiencies of ambient light and light from a 
backlight are improved compared with the conventional 
liquid crystal display device of the same type and an 
excellent display quality is obtained, and (2) providing a 
method for fabricating such a liquid crystal display device. 
In particular, in the liquid crystal display device according to 
the present invention, the displa) qualil) obtained when the 
environment is bright significantly improves. 

These and other advantages of the present invention will 
become apparent to those skilled in the art upon reading and 
understanding the following detailed description with refer- 
ence to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view of an active matrix substrate of a 
liquid crystal display device according to Example 1 of the 
present invention; 
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FIG. 2 is a sectional view taken along line a-b of FIG. 1; 
FIG. 3 is a plan view of another embodiment of the active 
matrix substrate according to Example 1 of the present 

5 FIG. 4 is a plan view of a still another embodiment of the 
active matrix substrate according to Example 1 of the 
present invention; 

FIG. 5 is a plan view partially illustrating an interlayer 
insulating film and a metal film of a liquid crystal display 
10 device according to Example 2 of the present invention; 
FIG. 6 is a sectional view taken along line c-d of FIG. 5; 
FIG. 7 is a sectional view of a liquid crystal display device 
according to Example 3 of the present invention; 
5 FIG. 8 is a plan view of an active matrix substrate of a 
liquid crystal display device according to Example 4 of the 
present invention, and FIG. 8B is a sectional view taken 
along line A— A of FIG. 8A; 

I Ki. 9 is a sectional view of the liquid crystal display 
0Q device according to Example 4 of the present invention; 
FIG. 10 is a sectional view of an alternative embodiment 
of the liquid crystal display device according to Example 4 
of the present invention, provided with microlenses; 

FIG. HA is a plan view of an alternative embodiment of 
25 the active matrix substrate of the liquid crystal display 
device according to Example 4 of the present invention, and 
FIG. 11B is a sectional view taken along line B— B of FIG. 
HA; 

FIG. 12A is a plan view of an active matrix substrate of 
30 a liquid crystal display device according to Example 5 of the 
present invention, and FIG. 12B is a sectional view taken 
along line C— C of FIG. 12A; 

FIG. 13A is a plan view of an active matrix substrate of 
a liquid crystal display device according to Example 6 of the 
35 present invention, and FIG. 13B is a sectional view taken 
along line D— D of FIG. 13A; 

FIG. 14A is a plan view of an active matrix substrate of 
a liquid crystal display device according to Example 7 of the 
present invention, and FIG. 14B is a sectional view taken 
40 along line E— E of FIG. 14A; 

FIG. 15 is a sectional view for explaining a reflection/ 
transmission type liquid crystal display device according to 
Example 8 of the present invention; 

FIG. 16 is a graph showing the relationship of the aperture 
45 ratio with the transmittance and reflectance of the reflection/ 
transmission type liquid crystal display device of Example 
8; 

FIG. 17 is a graph showing the relationship between the 
5q aperture ratio and the light transmission efficiency of the 
reflection transmission type liquid crystal display device of 
Example 8; 

FIG. 18 is a plan view of a reflection/transmission type 
liquid crystal display device according to Example 8 of the 
55 present invention; 

FIGS. 19A to 19F are sectional views taken along line 
F — F of FIG. 18, illustrating the process of fabricating the 
reflection transmission type liquid crystal display device of 
Example 8; 

60 FIGS. 20A to 20D are sectional views illustrating the 
steps of forming convex portions in the reflection regions of 
the reflection/transmission type liquid crystal display device 
of Example 8; 

FIG. 21 is a plan view of a photomask used in the step 
65 shown in FIG. 20B; 

FIG. 22 is a sectional view illustrating a method for 
measuring the reflection characteristics of pixel electrodes 
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having a high light reflection efficiency of the reflection/ 
transmission type liquid crystal display device of Example 
8; 

FIG. 23 is a conceptual view illustrating the generation of 
interference light; 

FIG. 24 is a graph showing the wavelength dependence of 
the pixel electrodes of the reflection/transmission type liquid 
crystal display device of Example 8; 

FIG. 25 is a sectional view of a transmission/reflection 
type liquid crystal display device according to Example 9 of 
the present invention; 

FIG. 26 is a graph showing the transmittance and reflec- 
tance in a gray-level display in Example 9; 

FIG. 27 is a chromaticity diagram of a conventional 
transmission type liquid crystal display device; 

FIG. 28 is a chromalicity diagram of the transmission 
reflection type liquid crystal display device of I 1(1. 9; 

FIG. 29 is a sectional view of another embodiment of the 
transmission/reflection type liquid crystal display device 
according to Example 9 of the present invention; 

FIG. 30 is a plan view of an active matrix substrate of a 
liquid crystal display device according to Example 10 of the 
present invention; 

FIG. 31 is a sectional view taken along line G— G of FIG. 
30; 

FIG. 32 is a plan view of an active matrix substrate of a 
liquid crystal display device according to Example f f of the 
present invention; 

FIG. 33 is a sectional view taken along line H — N of FIG. 
32; 

FIG. 34 is a plan view of an active matrix substrate of a 
liquid crystal display device according to Example 12 of the 
present invention; 

FIG. 35 is a sectional view taken along line I — I of FIG. 
34; 

FIG. 36 is a plan view of an alternative embodiment of the 
active matrix substrate of the liquid crystal display device 
according to Example 12 of the present invention; 

FIG. 37 is a plan view of an active matrix substrate of a 
liquid crystal display device according to Example 13 of the 
present invention; 

FIGS. 38A to 38D are sectional views taken along line 
J — J of FIG. 37. illustrating the fabrication process of the 
active matrix substrate of Example 13; 

FIG. 39 is a plan view of an active matrix substrate of a 
liquid crystal display device according to Example 14 of the 
present invention; 

FIGS. 40A lo 40D arc sectional views taken along line 
K — K of FIG. 39, illustrating the fabrication process of the 
active matrix substrate of Example 14; 

FIG. 41 is a plan view of an active matrix substrate of a 
liquid crystal display device according lo Example 15 of the 
present invention; 

FIGS. 42A to 42C are sectional views taken along line 
L — L of FIG. 41, illustrating the fabrication process of the 
active matrix substrate of Example 15; 

FIG. 43 is a plan view of an active matrix substrate of a 
liquid crystal display device according to Example 1 6 of the 
present invention; 

FIGS. 44A to 44F are sectional views taken along line 
M — M of FIG. 43, illustrating the fabrication process of the 
active matrix substrate of Example 16; 

FIG. 45 is a plan view of an active matrix substrate of a 
liquid crystal display device according to Example 17 of the 
present invention; 



52,654 B2 

8 

FIG. 46 is a sectional view taken along line N— N of FIG. 
45; 

FIG. 47 is a plan view of an alternative embodiment of the 
active matrix substrate of the liquid crystal display device 
5 according to Example 17 of the present invention; 

FIGS. 48Ato 48C are views illustrating a construction of 
Example 18 where the present invention is applied to a 
simple matrix liquid crystal display device; 
1( . FIGS. 49Ato 49C are views illustrating another construc- 
tion of Example 18; 

FIGS. 50A to 50C arc views illustrating still another 
construction of Example 18; 

FIGS. 51A and 51B are views illustrating still another 
15 construction of Example 18; and 

FIG. 52 is a sectional view of a conventional liquid crystal 
display device. 

DESCRIPTION OF THE PREFERRED 
20 EMBODIMENTS 

EXAMPLE 1 

A liquid crystal display device of Example 1 according to 
the present invention includes an active matrix substrate and 

25 a transparent counter substrate (e.g., a glass substrate), 
which has a counter electrode facing pixel electrodes. A 
liquid crystal layer is interposed between the active matrix 
substrate and the counter substrate. A plurality of pixel 
regions are defined by respective pairs of the pixel elec- 

30 trodes and the counter electrode for applying a voltage to the 
liquid crystal layer. The pixel region includes a pair of 

electrodes and the liquid crvstal laver between the pair of 
electrodes. This definition is also applicable to a simple 
matrix type liquid crystal display device, which has a 
35 plurality of scanning electrodes and a plurality of signal 
electrodes. 

The liquid crystal display device according to the present 
invention has at least one transmission electrode region and 
at least one reflection region in each pixel. The transmission 

40 and reflection regions include the liquid crystal layer and the 
pair of the electrodes interposing the liquid crystal layer. A 
region of an electrode which defines the transmission region 
is referred to as a transmission electrode region and a region 
of an electrode which defines the reflection region is referred 

45 to as a reflection electrode region. 

FIG. 1 is a plan view of one pixel portion of an active 
matrix substrate of tile liquid crystal display device of 
Example 1. FIG. 2 is a sectional view taken along line a-b 

50 ° fFIG1 ' 

Referring to FIGS. 1 and 2, the active matrix substrate 
includes pixel electrodes 1 arranged in a matrix. Gate lines 
2 for supplying scanning signals and source lines 3 for 
supplying display signals are disposed along the peripheries 
55 of the pixel electrodes 1 so as to cross each other at right 
angles. 

The gate lines 2 and the source lines 3 are overlapped by 
peripheral portions of the corresponding pixel electrodes 1 
via an intcrlaycr insulating film 19. The gate lines 2 and the 

6U source lines 3 are composed of metal films. 

Thin film transistors (TFTS) 4 are formed in the vicinity 
of the respective crossings of the gate lines 2 and the source 
fines 3. A gate electrode 12 of each of the TFTs 4 is 
connected to the corresponding gate line 2, to drive the TFT 

"5 4 with a signal input into the gale electrode 12 via the gate 
line 2. A source electrode 15 of the TFT 4 is connected to the 
corresponding source line 3, to receive a data signal from the 
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source line 3. A drain electrode 16 of the TFT 4 is connected 
to a connecting electrode 5 which is in turn electrically 
connected to the corresponding pixel electrode 1 via a 
contact hole 6. 

The connecting electrode 5 forms a storage capacitor with 
a storage capacitor electrode 8 via a gate insulating film 7. 
The storage capacitor electrode 8 is composed of a metal 
film and connected to a counter electrode 10 formed on a 
counter substrate 9 via an interconnect (not shown). The 
storage capacitor electrodes 8 may be formed together with 
the gale lines 2 during the same step. 

Each of the pixel electrodes 1 includes a reflection elec- 
trode region 22 including a metal film and at least one 
transmission electrode region 20 composed of an ITO film. 
The reflection electrode region 22 is formed to overlie the 
gate line 2, the source line 3, the TFT 4, and the storage 
capacitor electrode 8, while the transmission electrode 
region 20 is surrounded by the reflection electrode region 22. 

The active matrix substrate of Example 1 with the above 
construction is fabricated in the following manner. 

First, the gate electrodes 12, the gate lines 2, the storage 
capacitor electrodes S, the gate insulating film 7, semicon- 
ductor layers 13, channel protection layers 14, the source 
electrodes 15, and the drain electrodes 16 are sequentially 
formed on a transparent insulating substrate 11 made of 
glass or the like. 

'fhen, a transparent conductive film 17 and a metal film 18 
are sequentially deposited by sputtering and patterned into a 
predetermined shape to form the source lines 3 and the 
connecting electrodes 5. 

Thus, the source lines 3 have a double-layer structure 
composed of file transparent conductive film 17 made of ITO 
and the metal film 18. With this structure, even if a defect 
such as a disconnection is generated in the metal film 18, the 
electrical connection is maintained via the transparent con- 
ductive film 17. This reduces the generation of disconnec- 
tions in the source lines 3. 

Thereafter, a photosensitive acrylic resin is applied to the 
resultant substrate by a spin application method to form the 
interlayer insulating film 19 with a thickness of 3 fan. The 
acrylic resin is then exposed to light according to a desired 
pattern and developed with an alkaline solution. Only the 
light-exposed portions of the film are etched with the 
alkaline solution to form the contact holes 6 through the 
interlayer insulating film 19. By employing this alkaline 
development, well-tapered contact holes 6 are obtained. 

Using a photosensitive acrylic resin for the interlayer 
insulating film 19 is advantageous in the aspect of produc- 
tivity in view of the following points. Since the spin appli- 
cation method can be employed for the thin film formation, 
a film as thin as several micrometers can be easily formed. 
Also, no photoresist application step is required at the 
patterning of the interlayer insulating film 19. 

In this example, the acrylic resin is colored and can be 
made transparent by exposing the entire surface to light after 
patterning. The acrylic resin may also be made transparent 
by chemical processing. 

Thereafter, a transparent conductive film 21 is formed by 
sputtering and patterned, thereby forming transparent con- 
ductive films 21. The transparent conductive films 21 are 
made of ITO. 

Thus, the transparent conductive films 21 are electrically 
connected to the respective connecting electrodes 5 via 
the-contact holes 6. 

A metal film 23 is then formed on the transparent con- 
ductive films 21 and patterned so as to overlie the gate lines 
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2, the source lines 3, the TFTs 4, and the storage capacitor 
electrodes 8, to be used as the reflection electrode regions 22 
of the pixel electrodes 1. The portions of the transparent 
conductive films 21 which are not covered with the metal 

5 films 23 constitute the transmission electrode regions 20. 
The transparent conductive films 21 and the metal films 23 
are electrically connected with each other. Any adjacent 
pixel electrodes are separated bv the portions located above 
the gate lines 2 and the source lines 3 so as not to be 

10 electrically connected with each other. 

The metal films 23 are made of Al. They may also be 
made of any conductive material having a high reflectance 

In this example, as shown in FIG. 2, a liquid crystal layer 

15 includes dichromatic pigment molecules 24 mixed in liquid 
crystal. The absorption coefficient of such a dichromatic 
pigment varies depending on the orientation direction of 
molecules thereof. The orientation direction of the dichro- 
matic pigment molecules 24 changes when the orientation 

20 direction of the liquid crystal molecules 25 is changed by 
controlling the electric field between the counter electrode 
10 and the pixel electrodes 1. The resultant change In the 
absorption coefficient of the dichromatic pigment molecules 
24 is used to generate an image display. 

25 By using the liquid crystal display panel of Example f 
with the above construction, the display can effectively use 
light which has been emitted from a backlight and passed 
through the transmission electrode regions 20 when the 
ambient light is low and light reflected by the reflection 

30 electrode regions 22 when the ambient light is high. Also, 
both the transmission electrode ectrode regions 20 and the 
reflection electrode regions 22 can be used to generate a 
display. Moreover, a liquid crystal display device providing 
a bright display can be realized. 

In this example, the metal films 23 of the reflection 
electrode regions 22 of the pixel electrodes 1 overlie the 
TFTs 4, the gate lines 2, and the source lines 3. This 
eliminates the necessity of providing light-shading films for 

4Q preventing light from entering the Tl Is 4 and light-shading 
portions of the pixel electrodes located above the gate lines, 
the source lines, and the storage capacitor electrodes. In such 
portions, light leakage tends to be generated in the form of 
domains, disclination lines, and the like in certain display 

45 regions. As a result, regions which are conventionally unus- 
able as display regions because they are blocked by the 
light-shading films can be used as display regions. This 
allows for effective use of the display regions. 

When (he gate lines and the source lines are made of 

S( , metal, they serve as light-shading regions in a transmission 
type display device, and thus are unusable as display 
regions. In the liquid crystal display device of this example, 
however, such regions which are used as light-shading 
regions in the conventional transmission type display device 

5S are usable as reflection electrode regions of the pixel elec- 
trodes. Thus, a brighter display can be obtained. 

In this example, the metal film 23 is formed on the 
transparent conductive film 21. This allows the metal film 23 
to have an uneven surface in compliance with an uneven 

60 surface of the transparent conductive film 21. The uneven 
surface of the metal film 23 is advantageous over a flat 
surface since an uneven surface receives ambient light at 
various incident angles. The resultant liquid crystal display 
device provides a brighter display. 

65 FIGS. 3 and 4 are plan views of alternative embodiment 
of the liquid crystal display devices of Example f according 
to the present invention. In these alternative examples, the 



1/7/08 EPR1.1 59-77 



US 6,452. 

11 

ratio of the areas of the transmission electrode region 20 to 
the reflection electrode region 22 of each pixel electrode 1 
is changed from that shown in FIG. 1. In this way, a liquid 
crystal display device having a desired reflectance and 
transmittance is obtained. 5 

In the alternative examples shown in FIGS. 3 and 4, the 
connecting electrode 5 is located in the reflection electrode 
region 22. This suppresses a decrease in the brightness of 
light which has passed through the transmission electrode 
region 20. 1° 

In Example f , the metal film 23 of the reflection electrode 
region 22 of the pixel electrode 1 is formed on the trans- 
parent conductive film 21. Alternatively, as shown in FIG. 6, 
the metal film 23 may be formed so as to overlap the 
transparent conductive film 21 only partially in order to be 15 
electrically connected with each other. 

EXAMPLE 2 

In Example 2, a method for forming the uneven surface of 0Q 
the metal film 23 will be described. 

FIG. 5 is a plan view partially illustrating the metal film 
23 formed on the interlayer insulating film 19 (not shown). 
FIG. 6 is a sectional view taken along line c-d of FIG. 5. 

The surface of the interlayer insulating film 19 is made 25 
uneven by etching or the like, and the metal film 23 is 
formed on the uneven surface. 

Thus, by forming the metal film 23 on the interlayer 
insulating film 19 which may be first formed flat by the spin 
application method or the like, but then have the surface 30 
thereof made uneven as described above, the metal film 23 
having an uneven surface is obtained. 

In a reflection type liquid crystal display device, the 
uneven surface of the metal film 23 is advantageous over a 
flat surface since an uneven surface receives ambient light al 
various incident angles. Thus, by forming the metal films 23 
of the pixel electrodes 1 on the interlayer insulating film 19 
so as to have an uneven surface obtained by etching or the 
like as shown in FIG. 6, the resultant reflective hquid crystal 
display device provides a brighter display. 

The uneven surface of the metal film 23 is not limited to 
the shape shown in FIG. 5, i.e., the surface having concave 
portions of a circular shape in plan. Alternatively, the surface 
of the metal film 23 and thus the surface of the underlying 4J 
interlayer insulating film 19 may have concave portions of 
a polygonal or elliptic shape in plan. The section of the 
concave portions may be of a polygonal shape, in place of 
the semi-circular shape as shown in FIG. 6. 

EXAMPLE 3 50 
In Example 3, a liquid crystal display device which 
employs a guest-host display method will be described. 

FIG. 7 is a sectional view of a liquid crystal display device 
of this example according to the present invention. The same 55 
components as those of Lwamplc 1 are denoted by the same- 
reference numerals as those in FIG. 2. 

When the guest-host display method is employed using a 
mixture of a guest-host liquid crystal material, ZLI 2327 
(manufactured by Merck & Co., Inc.) containing black 60 
pigments therein and 0.5' i of an optically active substance, 
S-811 (manufactured by Merck & Co., Inc.), the following 
problem arises. That is, if the optical path length dt of 
transmitted light from the blacklight in the transmission 
region using the backlight is significantly different from the 65 
optica! path length 2dr of reflected light from ambient light 
in the reflection region, the brightness and the contrast of the 
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resultant displas are significantly different between I he ease 
where light from the backlight is used and the case where 
ambient fight is used even when the same voltage is applied 
to the liquid crystal layer. 

Accordingly, the thickness dt of the portions of the liquid 
crystal layer located on the transparent conductive films 21 
of the transmission regions and the thickness dr of the 
portions of the liquid crystal layer located on the metal films 
23 of the reflection regions should be set to satisfy the 
relationship of dt=2dr. In this example, therefore, the thick- 
ness of the metal films 23 is changed to satisfy this rela- 
tionship. 

Thus, by equalizing the optical path length dt of trans- 
mitted light from the backlight in the transmission regions 
and the optical path length 2dr of reflected light from 
ambient light in the reflection region, with each other, 
substantially the same brightness and contrast can be 
obtained irrespective of which type of light is used (light 
from backlight or light from ambient light) so long as the 
same voltage is applied to the liquid crystal layer. In this 
way, a liquid crystal display device having better display 
characteristics is obtained. 

The brightness and the contrast can be made uniform lo 
some extent by approximating, not necessarily equalizing, 
the optical path length dt of transmitted light from the 
backlight in the transmission region and the optical path 
length 2dr of reflected light from ambient light in the 
reflection region. 

The contrast can also be made uniform irrespective of 
which type of light is used (light from backlight or light from 
ambient light) by changing the driving voltage applied to the 
liquid crystal layer, even when the optical path length dt of 
transmitted light 111 the transmission region is significantly 
different from the optical path length 2dr of reflected light in 
the reflection region. 

Thus, in the liquid crystal display devices in Examples 1 
to 3 above, where the transmission mode display and the 
reflection mode display are realized using a single substrate, 
the regions which are conventionally blocked from light by 
the use of a black mask can be used as reflection electrode 
regions of the respective pixel electrodes. This allows for 
effective use of the display regions of the pixel electrodes of 
the liquid crystal panel, and thus increases the brightness of 
the liquid crystal display device 

In Examples 1 to 3, the storage capacitor electrode is 
provided for forming a storage capacitor with each pixel 
electrode via the insulating film, and the reflection electrode 
region of the pixel electrode overlies the storage capacitor 
electrode. Accordingly, the region where the storage capaci- 
tor electrode is formed can be utilized for display as a 
reflection electrode region of the pixel electrode. 

The metal film of the reflection electrode region of each 
pixel electrode is formed on the transparent conductive film. 
By using a transparent conductive film having an uneven 
surface, the resultant reflection electrode region of the pixel 
electrode has an uneven surface, which makes it possibie to 
utilize ambient light having various incident angles as 
display light. 

The metal film of the reflection region of each pixei 
efectrode may be formed on an interlayer insulating film 
having an uneven surface. The resultant reflection electrode 
region of the pixel electrode has an uneven surface, which 
makes it possible to utilize ambient light having various 
incident angles as display light. 

The metal film of the reflection efectrode region of each 
pixel electrode is made thicker than the transparent conduc- 
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tive film located in the transmission region of the pixel 
electrode. This make it possible to approximate the optical 
path length of ambient light which passes and returns 
through the portion of the liquid crystal layer located in the 
reflection electrode region of the pixel electrode and the 5 
optical path length ol light from the backlight which passes 
through the portion of the liquid crystal layer located on the 
transmission electrode region of the pixel electrode and 
compare the path length to each other. By knowing the 
approximate optical path lengths, changes in the character- 10 
istics of light passing through the liquid crystal layer in the 
reflection region and the transmission region can be made 
uniform. 

The thickness of the portion of the liquid crystal layer 
located on the reflection electrode region of each pixel is 
electrode is made one half of the thickness of the portion of 
the liquid crystal layer located on the transmission electrode 
region [hereof. Ibis makes it possible to approximate the 
optical path length of a mb lent light which passes and returns 
through the portion of the liquid crystal layer located on the 20 
reflection electrode region of the pixel electrode and the 
optical path length of light from the backlight which passes 
through the portion of the liquid crystal layer located on the 
transmission electrode region of the pixel electrode and 
compare the path length to each other. By knowing the 25 
approximate optical path lengths, changes in the character- 
istics of light passing through the liquid crystal layer in the 
reflection region and the transmission region can be made 
uniform. 

30 

EXAMPLE 4 

FIG. 8A is a plan view of one pixel portion of an active 
matrix substrate of a liquid crystal display device of 
Example 4 according to the present invention. FIG. 8R is a 
sectional view taken along line A — A of FIG. 8A. 35 

The active matrix substrate of this example includes gate 

lines 41. data lines 42. driving elements 43. drain electrodes 
44, storage capacitor electrodes 45, a gale insulating (ilin 46, 
an insulating substrate 47, contact holes 48, an interlayer 
insulating film 49, reflection pixel electrodes 50, and trans- 
mission pixel electrodes 51. 

Each of Ihe storage capacitor electrodes 45 is electrically 
connected to the corresponding drain electrode 44 and 
overlaps the corresponding gate line 41 via the gate insu- 4J 
lating film 46. The contact holes 48 are formed through the 
interlayer insulating film 49 to connect the transmission 
pixel electrodes 51 and llie storage capacitor electrodes 45. 

Each pixel of the active matrix substrate with the above 
construction includes a reflection pixel electrode 50 and a _ S( , 
transmission pixel electrode 51. Thus, as shown in FIG. 8B, 
each pixel is composed of the reflection electrode region, 
including the reflection pixel electrode 50, which reflects 
light from outside, and the transmission electrode region, 
including the transmission pixel electrode 51, which trans- 5S 
mits light from a backlight. 

FIG. 9 is a sectional view of a liquid crystal display device 
of this example including the active matrix substrate shown 
in FIGS. 8 A and 8B. The liquid crystal display device also 
includes a color filter layer 53, a counter electrode 54, a e 
liquid crystal layer 55, alignment films 56, a polarizing plate 
57, and a backlight 58. 

The regions of the transmission pixel electrodes 51 
(transmission electrode region) which transmit light from 
the backlight 58 do not contribute to the brightness of the e 
panel when the backlight 58 is off. Conversely, the regions 
of the reflection pixel electrodes 50 (reflection electrode 



region) which reflect light from outside contribute to the 
brightness of the panel regardless of the ON/OFF state of the 
backlight 58. In each pixel, therefore, the area of the 
reflection electrode region is desirably larger than the area of 
the transmission electrode region. 

In this example, the reflection pixel electrode 50 is formed 
on the corresponding transmission pixel electrode 51 so as 
to be electrically connected to each other so that the same 
signals are input into the reflection pixel electrode 50 and the 
transmission pixel electrode 51. Alternatively, the reflection 
pixel electrode 50 and the transmission pixel electrode 51 
may not be electrically connected to each other so as to 
receive different signals for different displays. 

In the liquid crystal display device shown in FIG. 9, part 
of the light from the backlight 58 incident on the reflection 
pixel electrode 50 is not usable as display light. In order to 
overcome this problem, a modified liquid crystal display 
device shown in FIG. 10 includes a microlens 59 and a 
microlens protection layer 60 for each pixel. With this 
construction, fight from the backlight 58 is converged on the 
transmission electrode region on which the reflection pixel 
electrode 50 is not formed, via the microlens 59, to increase 
the amount of light which passes through transmission 
region and thus to improve the brightness of display. 

FIG. 11A is a plan view of one pixel portion of an 
alternative active matrix substrate of the liquid crystal 
display device of Example 4 according to the present 
invention. FIG. 11B is a sectional view taken along line 
B— B of FIG. 11A. 

In the active matrix substrate shown in FIGS. 11A and 
11D, the region of the transmission pixel electrode 51 and 
the region of the reflection pixel electrode 50 of each pixel 
are reversed from those of the active matrix substrate shown 
in FIGS. 8A and 8B. The ratio of the areas of the region of 
the reflection pixel electrode 50 and the region of the 
transmission pixel electrode 51 may be changed appropri- 

When the active matrix substrate shown in FIGS. 8A and 
8B and that shown in FIGS. 11A and 11B are compared, the 
active matrix substrate shown in FIGS. 8 A and 8B is 
advantageous in the points that light from outside is pre- 
vented from entering the driving element 43 since the 
reflection pixel electrode 50 is formed over the driving 
element 43 and that the formation of the microlens 59 for 
converging light is easier since the region of the transmis- 
sion pixel electrode 51 is located in the center of each pixel. 

In this example, since the light reflection region and the 
light transmission region are formed in one pixel, the 
aperture ratio of the pixel is as large as possible. To satisfy 
this, a high aperture structure is adopted in this example 
where the interlayer insulating film 49, composed of an 
organic insulating film, is interposed between the pixel 
electrodes and the levels of the gate lines 41 and the source 
lines 43. Other structures may also be adopted. 

EXAMPLE 5 

FIG. 12A is a plan view of one pixel portion of an active 
matrix substrate of a liquid crystal display device of 
Example 5 according to the present invention. FIG. 12B is 
a sectional view taken along line C— C of FIG. 12A 

In the active matrix liquid crystal display device of 
Example 5, reflection pixel electrodes 50 are formed on 
tilted or concave and convex portions of an interlayer 
insulating film 49. l ight from outside is therefore reflected 
from the reflection pixel electrodes 50 in a wider range of 
directions, so that the angle of visibility becomes wider. 
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The interlayer insulating film 49 in this example is formed 
so as to be thickest at portions located above gate lines 41 
and source lines 42 and be completely etched away at 
portions located above drain electrodes 44, forming the 
tilted or concave and convex portions. This eliminates the 
necessity of forming contact holes for electrically connect- 
ing the drain electrodes 44 and the reflection pixel electrodes 
50, and thus prevents a disturbance in the orientation of 
liquid crystal molecules from occurring due to sharp steps at 
contact holes. This contributes to an increase in the aperture 

In this example, the drain electrodes 44, which are trans- 
parent electrodes made of ITO, serve as the transmission 
pixel electrodes 51. 

The tilt angle of the tilted portions or the pitch of the 
concave and convex portions of the interlayer insulating film 
49 should be sufficiently small so that an alignment film can 
be formed on I lie resultant substrate and rubbed. Thus, 
optimal conditions should be determined depending on the 
respective rubbing conditions and the types of liquid crystal 
molecules. 

In this example, as in Example 4, microlenses may be 
provided below the drain electrodes 44 as the transmission 
pixel electrodes 51, to improve the brightness of the display 
when the backlight is on. 

EXAMPLE 6 

FIG. 13A is a plan view of one pixel portion of an active 
matrix substrate of a liquid crystal display device of 
Example 6 according to the present invention. FIG. 13B is 
a sectional view taken along line D — D of FIG. 13A. 

In this example, reflection pixel electrodes 50 are formed 
at the same level as gate lines 41 at and during the same step. 
With this configuration, since a separate step for forming the 
reflection pixel electrodes 50 is not required, the number of 
steps and the production cost do not increase. 

In this example, the reflection pixel electrodes 50 are not 
connected to drain electrodes 44 constituting driving ele- 
ments 43, but are used only for the reflection of light from 
outside. Only the transmission pixel electrodes 51 serve as 
the electrodes for driving the liquid crystal. In oilier words, 
the transmittance of light reflected by the reflection pixel 
electrodes 50 is controlled by controlling the liquid crystal 
layer with a voltage at the transmission pixel electrodes 51. 

If no signal is input into each of the reflection pixel 
electrodes 50, a floating capacitance is generated between 
the reflection pixel electrode 50 and the corresponding drain 
electrode 44 or transmission pixel electrode 51. To avoid this 
problem, the reflection pixel electrodes 50 should desirably 
be provided with such a signal that does not adversely affect 
the display. By connecting each of the reflection pixel 
electrodes 50 with an adjacent gate line 41, the generation of 
a floating capacitance is prevented, and a storage capacitor 
can be formed between a reflection pixel electrode 50 and a 
corresponding drain electrode 44. 

In this example, as in Example 4, microlenses may be 
provided to converge light on the transmission pixel 
electrodes, to improve the brightness of display when the 
backlight is on. 

In this example, also, since the light reflection region and 
the light transmission region are formed in one pixel, the 
aperture ratio of the pixel is as large as possible. To satisfy 
this, a high aperture structure is adopted where an organic 
insulating film is used as the interlayer insulating film. Other 
structures may also be adopted. 
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EXAMPLE 7 

FIG. 14A is a plan view of one pixel portion of an active 
matrix substrate of a liquid crystal display device of 
Example 7 according to the present invention. FIG. 14B is 
a sectional view taken along line E — E of FIG. 14A. 

In this example, reflection pixel electrodes 50 are formed 
at the same level as source lines 42. With this configuration, 
since the reflection pixel electrodes 50 can be formed at the 
1Q formation of the source lines 42, the number of steps and the 

In this example, since a high aperture structure via an 
interlayer insulating film 49 is adopted, the reflection pixel 
electrodes 50 are used only for the reflection of light from 

15 outside. Only transmission pixel electrodes 51 serve as the 
electrodes for driving the liquid crystal. 

This example is different from Example 6 in that in this 
example the reflection pixel electrode 50 in each pixel is 
electrically connected to the corresponding drain electrode 

2 o 44. In an alternative case where the interlayer insulating film 
49 is not formed at the region above the drain electrode 44 
and the drain electrode 44 is used as the transmission pixel 
electrode, the reflection pixel electrode 50 also contributes 
to the driving of the liquid crystal molecules. 

25 In this example, as in Example 4, microlenses may be 
provided to converge light on the transmission pixel elec- 
trodes 51, to improve the brightness of display when the 
backlight is on. 

In this example, also, since the light reflection region and 

30 the light transmission region are formed in one pixel, the 
aperture ratio of the pixel is as large as possible. To satisfy 
this, a high aperture structure is adopted where an organic 
insulating film is used as the interlayer insulating film. ( Mlicr 
structures may also be adopted. 

35 Thus, in Examples 4 to 7 above according to the present 
invention, the active matrix liquid crystal display device 
capable of switching between the reflection type and the 
transmission type is realized. 

Such a liquid crystal display device can provide a suffi- 
cient brightness irrespective of the conditions of use, while 
realizing a reduced power consumption and a prolonged use 
duration, by the user's switching the mode between the 
transmission type and the reflection type depending on the 

45 Also realized is a transmission/reflection switchable 
active matrix liquid crystal display device which can be used 
as a reflection type liquid crystal display device when the 
environment is bright and as a transmission type liquid 

5Q crystal display device when the environment is dark. 

Since the reflection pixel electrodes and the transmission 
pixel electrodes are electrically connected with each other, 
no interconnect is required to supply the driving signals 
independently. This simplifies the construction of the active 

55 matrix substrate. 

When the reflection pixel electrodes are formed above the 
driving elements, light from outside is prevented from 
entering the driving elements. 

The transmission pixel electrodes do not contribute to the 

60 brightness of the panel when the backlight is off, while the 
reflection pixel electrodes contribute to the brightness of the 
panel regardless of the ON OFF state of the backlight. 
Accordingly, by increasing the area of the reflection pixel 
electrodes, the brightness of display can be stabilized even 

65 when the backlight is off or emits less light. 

Light from the backlight which is blocked by the reflec- 
tion pixel electrodes, the gate lines, and the like can be 
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converged on the transmission pixel electrodes. This makes 
it possible to increase the brightness of the display device 
without increasing the brightness of the backlight itself. 

The reflection pixel electrodes can be made to reflect light 
from outside in a wide range of directions. This allows for 5 
a wider angle of visibility. 

The reflection pixel electrodes mav he formed w it In ml an 
additional step for this formation. This prevents the number 
of steps and the production cost from increasing. 

The reflection pixel electrodes may be electrically con- 10 
nected to the gate lines. This prevents the generation of a 
floating capacitance and allows for the formation of a 
storage capacitor with the drain electrodes. 

The reflection pixel electrodes may be provided with the 15 
same signals as those applied to the counter electrode. This 
prevents the generation of a floating capacitance. Aiso, the 
reflection pixel electrodes may be used for the formation of 
a storage capacitor for the voltage applied to the pixel 
electrodes. 0Q 

EXAMPLE 8 

In Example 8, a relleclion transmission type liquid crystal 
display device according to the present invention will be 
described. 

First, the principle of the generation of an interference 
color in the liquid crystal display device of Example 8 will 
be described. 

FIG. 23 is a conceptual view illustrating the generation of 
an interference color. Light is incident on a glass substrate 30 
and the incident light is reflected by a reflection film to be 
output from the glass substrate. 

In the above case, an interference color is considered to be 
generated when light incident at an incident angle (a is 
reflected from a convex portion and a concave portion of the 35 
reflection film and output at an output angle 60. The optical 
path difference 8 between the two reflected light beams is 
represented by expression (1) below: 

6 = Lsi£i + h(l/cos8e + l/cos8o')n- (1) 40 

{/.si n/to +/i(tanfli" +tan&>')sin&>} 
= L(sin0i - sinte) + h{{l / cosSf + 1 / cosft;') • n - 
itaaef + tanflo')sin&>} ^ 

wherein 8i' is the incident angle at the concave portion of the 
reflection film, 8o' is the output angle at the concave portion 
of Hie reflection film. I. is the distance between the incident 
points of the two light beams on the glass substrate, h is the 50 
height of the point on the convex portion of the reflection 
film from which one of the light beams is reflected, with 
respect lo the point on the concave portion thereof from 
which the other light beam is reflected, and n is the refractive 
index of the glass substrate. 55 

Since the calculation of expression (1) is possible only 
when 6i=9o and 0i'=0o', the optical path difference 8 is 
) expression (2) below when ()i=0o=0 and 



8=/!{2n/cos 6'-2 tan 6' sin 6} (2) 
When arbitrary wavelengths 7.1 and \2 are taken into 
consideration, the output light beams reflected from the 
convex portion and the concave portion are weakened by 
each other when 6 /.l = m±l 2 (in is an integer) and intensi- t 
fled by each other when 6//.2=m. Thus, expression (3) below 
is established. 



8-(M-A2)/2-(X2-U) (4) 
Accordingly, from expressions (2) and (4) above, the 
height h can be represented by expression (5) below: 

A=l/2-{(Xl-A2)/(A2->.l)}-{co S 9'/(2«-2 sin S'-sin 9)} (5) 

From the above, it has been found that, in order to 
eliminate the generation of an interference color, the reflec- 
tion surface of the reflection film should have a continuous 
wave shape. 

In this example, in order to form such a reflection film, at 
least two types of convex portions with different heights are 
formed on a base plate, a polymer resin film is formed on the 
base plate covering the convex portions, and a reflection thin 
film made of a material having a high light reflection 
efficiency is formed on the polymer resin film. 

The thus-fabricated reflection thin film can be used for the 
reflection portions of the reflection transmission type liquid 
crystal display device. Since such reflection portions have a 
reflection surface of a continuous wave shape, light reflected 
from the reflection portions is prevented from generating an 
interference. When the convex portions are optically formed 
by use of a photomask, they can be formed with good 
reproducibility by setting the same light irradiation condi- 

In the reflection transmission type liquid crystal display- 
device of this example, the convex portions are preferably 
not formed in the transmission portions made of a material 
having a high light transmission efficiency in order to 
improve the transmission efficiency. However, the display 
by use of transmitted light is possible even if the convex 
portions are formed in the transmission portions. 

FIG. 15 is a sectional view of a reflection/transmission 
type liquid crystal display device of this example according 
to the present invention. 

Referring to FIG. 15, a gate insulating film 61a is formed 
on a glass substrate 61. High convex portions 64« and low 
convex portions 64£> are formed randomly on the portions of 
the glass substrate 61 located below reflection electrodes 69 
hav ing a light reflection function. The high convex portions 
64a and the low convex portions 645 are covered with a 
polymer resin film 65. 

Since the high convex portions 64« and the low convex 
portions 646 are formed on the glass substrate 61 via the gate 
insulating film 61a, the upper surfaces of the portions of the 
polymer resin film 65 formed on the high convex portions 
64a and the low convex portions 64i> are of a continuous 
wave shape. The polymer resin film 65 is formed almost all 
over the glass substrate 61, not only in the regions below the 
reflection electrodes 69. 

The reflection electrodes 69, which are made of a material 
having a light reflection function, are formed on the portions 
of the polymer resin film 65 having the continuous wave 
shape which are formed on the high convex portions 64a and 
the low convex portions 64fe. 

Transmission electrodes 68 are also formed on the glass 
substrate 61 via the gate insulting film 61a, separately from 
the reflection electrodes 69. The transmission electrodes 68 
are made of a material having a light transmission function, 
such as indium tin oxide (ITO). 

Apolarizing plate 90 is attached to the back surface of the 
thus-fabricated active matrix substrate when it is mounted as 
a module. A backlight 91 is then disposed on the polarizing 
plate 90. 
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Part of light emitted form the backlight 91 and directed to 
the transmission electrodes 68 passes through the transmis- 
sion electrodes 68 and thus the active matrix substrate. 
However, pari of light directed to the reflection electrodes 69 
is reflected from the back surfaces of the reflection elec- 5 
trodes 69 to return to the backlight 91. Since the back 
surfaces of the reflection electrodes 69 are of a continuous 
wave shape, light reflected from the reflection electrodes 69 
is scattered as shown by the arrows in FIG. 15. Such 
scattered light is again reflected from the backlight 91 lQ 
toward the active matrix substrate. Part of such light passes 
through the transmission electrodes 68 and thus the active 
matrix substrate. 

Thus, in the active matrix substrate including the reflec- 
tion electrodes 69 of the above-described shape, the light 
from the backlight reflected by the reflection electrodes 69 15 
can be used for display. This allows for more effective use 
of light than that expected from an actual aperture ratio, 
unlike the conventional transmission type liquid crystal 
display device. Specifically, if the reflection electrodes are of 
a flat shape, regular reflection is mainly generated, which is 20 
difficult to be reflected again to pass through the transmis- 
sion electrodes 68. In this example, however, the reflection 
electrodes 69 of a continuous wave shape serve to return the 
reflected light toward the portions of the backlight located 
below the transmission electrodes 68, allowing for further 15 
effective use of light. 

FIG. 16 is a graph showing the relationship of the aperture 
ratio to the transmittance and reflectance observed when the 
reflectances of the reflection electrodes 69 and the backlight 
91 as compared with the standard white plate are about 90%, 
and the transmittance of the polarizing plate 90 is about 30 
40%. Note that this relationship was calculated on the 
assumption that pixel electrodes cover the entire display 
surface, not considering the existence of bus lines and active 
elements. 

As is observed from FIG. 16, the reflectance of the 35 
reflection electrode 69 fur light incident from outside on the 
side of a counter substrate is obtained by multiplying the 
reflectance of the reflection electrode 69 by the ratio of the 
area of the reflection electrode 69 to the area of the entire 
pixel electrode. The transmittance of the transmission elec- 40 
Irodc 68 for light from the backlight 91 is equal to, not just 
the aperture ratio a (i.e., the ratio of the area of the trans- 
parent electrode 68 to the area of the entire pixel electrode), 
but a value b, including a component of light from the 
backlight reflected by the reflection electrode 69, which can 45 
be utilized for display added to the aperture ratio a. 

Thus, since the light from the backlight 91 reflected by the 
reflection electrodes 69 is also utilized, more effective use of 
light than that expected from the actual aperture ratio is 
possible, unlike the conventional transmission type liquid 50 
crystal display device. 

FIG. 17 is a graph showing the relationship between the 
aperture ratio and the light transmission efficiency 
(transmittance aperture ratio). As is observed from FIG. 17. 
it has been found from such a calculation that, when the 55 
aperture ratio is 40%, the light from the backlight 91 
reflected by the reflection electrode 69 can be utilized up to 
about 50% of the intensity of the light which has directly 
passed through the transmission electrode 68 from the 
backlight 91. From the calculation results shown in FIG. 17, 60 
it has also been found that the greater the ratio of the area of 
the reflection electrode 69 to the area of the entire pixel 
electrode is, the higher the use efficiency of the light 
reflected by the reflection electrode 69 becomes. 

Hereinbelow, a specific example of the reflection/ 65 
transmission type liquid crystal display device of Example 8 
will be described. 
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FIG. 18 is a plan view of the reflection/transmission type 
liquid crystal display device of Example 8 according to the 
present invention. FIGS. 19A to 19P are sectional views 
taken along line F — F of FIG. 18, illustrating the process of 
fabricating the liquid crystal display device of this example. 

Referring to FIGS. 18 and 19F, an active matrix substrate 
70 of the reflection transmission type liquid crystal display 
device includes a plurality of gate bus lines 72, as scanning 
lines, and a plurality of source bus lines 74, as signal lines, 
which are formed to cross with each other. In each of the 
rectangular regions surrounded by the adjacent gate bus 
lines 72 and the adjacent source bus lines 74, a transmission 
electrode 68 made of a material having a high light trans- 
mission efficiency and a reflection electrode 69 made of a 
material having a high reflection efficiency are disposed. The 
transmission electrode 68 and the reflection electrode 69 
constitute one pixel electrode. 

A gate electrode 73 extends from the gate bus line 72 
toward the pixel electrode at a corner portion of each of the 
region where the pixel electrode is formed. A thin film 
transistor (TFT) 71 is formed as a switching element at the 
end portion of the gate electrode 73. The gate electrode 73 
itself constitutes part of the TFT 71. 

The TFT 71 is located above the gate electrode 73 formed 
on a glass substrate 61 as shown in FIG. 19F. 'ITie gate 
electrode 73 is covered with a gate insulating film 6L/, and 
a semiconductor layer 77 is formed on the gate insulating 
film 61a so as to cover the gate electrode 73 via the gate 
insulating film 61<7. A pair of contact layers 78 are formed 
on the side portions of the semiconductor layer 77. 

A source electrode 75 is formed on one of the contact 
layers 78 and electrically connected to the corresponding 
source bus line 74. The side portion of the source electrode 
75 overlaps the gate electrode 73 in an insulating manner, 
constituting part of the TFT 71. A drain electrode 76. which 
also constitutes part of the TFT 71, is formed on the other 
contact layer 78 so as to be away from the source electrode 
75 and overlaps the gate electrode 73 in an insulating 
manner. The drain electrode 76 is electrically connected to 
the pixel electrode via an underlying electrode 81«. 

A storage capacitor is formed by forming the underlying 
electrode 81a so as to overlap the gate bus line 72 used for 
the adjacent pixel electrode in the next pixel row via the gate 
insulating him 61a. The underlying electrode 81a may be 
formed over substantially the entire region where convex 
portions are formed as will be described hereinafter, so as to 
unify the influence of the process of forming this layer. 

High convex portions 64a and low convex portions 64b 
and an overlying polymer resin film 65 arc formed under 
each of the reflection electrodes 69. 

The upper surface of the polymer resin film 65 is of a 
continuous wave shape reflecting the existence of the con- 
vex portions 64a and 64b. Such a polymer resin film 65 is 
formed over substantially the entire glass substrate 61, not 
only in the regions below the reflection electrodes 69. In this 
example, OFPR-800 manufactured by Tokyo Ohka Co., 
Ltd., for example, is used for the polymer resin film 65. 

The reflection electrode 69 is formed on the portion of the 
polymer resin film 65 having the continuous wave shape 
which is formed on the high convex portions 64a and the 
low convex portions 64b. The reflection electrode 69 is 
made of a material having a high reflection efficiency, such 
as Al. The reflection electrode 69 is electrically connected 
to the corresponding drain electrode 76 via a contact hole 79. 

In each pixel of the reflection transmission type liquid 
crystal display device of this example, the transmission 
electrode 68 is formed separately from the reflection elec- 
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trode 69. The transmission electrode 68 is made of a material 
having a high light transmission efficiency such as ITO. 

The method for forming the reflection electrodes 69 and 
the transmission electrodes 68 which are main portions of 
the reflection/transmission type active matrix substrate 70 
will be described with reference to FIGS. 19A to 19F. 

First, as shown in FIG. 19A, the plurality of gate bus lines 
72 (sec FIG. 18) made of Cr, Ta, or the like and the gate 
electrodes 73 extending from the gate bus lines 72 are 
formed on the glass substrate 61. 

The gate insulating film 61a made of SiN x , SiO^ or like 
is formed on the entire surface of the glass substrate 61 
covering the gate bus lines 72 and the gate electrodes 73. 
The semiconductor layers 77 made of amorphous silicon 
(a — Si), polysilicon, CdSe, or the like are formed on the 
portions of the gate insulating film 61a located above the 
gate electrodes 73. The pair of contact layers 78 made of a-Si 
or the like are formed on both side portions of each of the 
semiconductor layers 77. 

The source electrode 75 made of Ti, Mo, Al, or the like is 
formed on one of the contact layers 78, while the drain 
electrode 76 made of Ti, Mo, Al, or the like is formed on the 
other contact layer 78. 

In this example, as the material of the glass substrate 61, 
product number 7059 manufactured by Corning Inc. with a 
thickness of 1.1 mm was used. 

As shown in FIG. 19B, a metal layer 81 which constitutes 
part of the source bus lines 74 is formed by sputtering. The 
metal layer 81 is also used to form the underlying electrodes 
81a. 

Subsequently, as shown in FIG. 19C, an ITO layer 80 
which also constitutes part of the source bus lines 74 is 
formed by sputtering and patterned. 

Thus, in this example, the source bus lines 74 are of a 
double-layer structure consisting of the metal layer 81 and 
the ITO layer 80. This double-layer structure is advanta- 
geous in that even if the metal film 81 constituting the source 
bus line 74 is partly defective, the electric connection of the 
source bus line 74 is maintained by the ITO layer 80. This 
reduces the occurrence of disconnections in the source bus 
line 74. 

The ITO layer 80 is also used to form the transmission 
electrodes 68. This makes il possible to form the transmis- 
sion electrodes 68 simultaneously with the formation of the 
source bus lines 74, preventing an increase in the number of 

Then, as shown in FIG. 19D, rounded convex portions 
64rt and 64/;, having substantially circular cross-sections are 
formed of a resist film of a photosensitive resin over the 
regions on which the reflection electrodes 69 are to be 
formed. Preferably, the convex portions 64a and 64b are not 
formed on the transmission electrodes 68 so that a voltage is 
efficiently applied to the liquid crystal layer, optically, 
however, not so large influence is observed when the convex 
portions 64a and 64b are formed on the transmission elec- 
trodes 68. 

Hereinbelow, the process of forming the convex portions 
64a and 64b in the reflection electrode regions will be briefly 
described with reference to FIGS. 20A to 20D. 

First, as shown in FIG. 20A, a resist film 62 made of a 
photosensitive resin is formed on the glass substrate 61 
(actually, with the metal layer 81 and the underlying elec- 
trode 81a formed thereon as shown in FIG. 19D) by a spin 
coat method. The resist film 62 is formed of the same 
photosensitive resin as that used for the polvmer resin film 
65 to be described hereinafter, i.e., OFPR-800, by spin 
coating at a speed preferably in the range of about 500 to 
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about 3000 rpm, in this example at 1500 rpm, for 30 
seconds, so as to obtain a thickness of 2.5 urn. 

Then, the resultant glass substrate 61 with the resist film 
62 formed thereon is prebaked at 90° C. for 30 minutes, for 
5 example. 

Subsequently, as shown in FIG. 20B, a photomask 63 is 
disposed above the resist film 62. The photomask 63 has a 
shape as shown in FIG. 21, for example, which includes two 
types of circular pattern holes 63a and 63fe formed through 
10 a plate 63c. The photomask 63 is then irradiated with light 
from above as shown by the arrows in FIG. 20B. 

The photomask 63 in this example has the circular pattern 
holes 63a with a diameter of 5 /tm and the circular pattern 
holes 63b with a diameter of 3 fim arranged at random. The 
15 space between any adjacent pattern holes should be at least 
about 2 fim. If the space is too large, however, the polymer 
resin film 65 to be formed thereon at a later step will hardly 
succeed in obtaining a continuous wave shape. 

The resultant substrate is developed with a developer with 
20 a concentration of 2.38%, e.g., NMD-3 manufactured by 
Tokyo Ohka Co., Ltd. As a result, as shown in FIG. 20C a 
number of minute convex portions 64a' and 64£>' with 
different heights are formed on the reflection electrode 
regions of the glass substrate 61. The top edges of the 
25 convex portions 64n' and 64b' are squared. The convex 
portions 64a' with a height of 2.48 /tm and the convex 
portions 64b' with a height of f .64 fim are formed from the 
pattern holes 63a with a diameter of 5 fan and the pattern 
holes 63/) with a diameter of 3 /an, respectively. 
30 The heights of the convex portions 64a' and 64b' can be 
changed by changing the sizes of the pattern holes 63a and 
63f>, the light exposure time, and the developing time. The 
size of the pattern hole.-. 63« and 63/; are not limited to those 
described above. 
35 Thereafter, as shown in FIG. 20D, the glass substrate 61 
with the convex portions 64a' and 64b' formed thereon is 
heated at about 200° C. for one hour. This softens the square 
top edges of the convex portions 64a' and 64b', to form the 
rounded convex portions 64a and 64i> having substantially 
40 circular cross-sections. 

Then, as shown in FIG. 19E, a polymer resin is applied on 
the resultant glass substrate 61 by spin coating and patterned 
to form the polymer resin film 65. The material OFPR-800 
mentioned above is used as the polymer resin and applied by 
45 spin coating al a speed preferably in the range of about 1000 
to about 3000 rpm. In this example, the spin coating was 
conducted at a speed of 2000 rpm. 

In this way, the polymer resin film 65 having an upper 
surface of a continuous wave shape is obtained on the glass 
50 substrate 61, which is flat having no convex portions. 

As shown in FIG. 19F, the reflection electrodes 69 made 
of Ai are formed on predetermined portions of the polymer 
resin film 65 by sputtering, for example. Materials suitable 
for the reflection electrodes 69 include, besides Al and an 
55 Al alloy, Ta, Ni, Cr, and Ag having a high light reflection 
efficiency. The thickness of the reflection electrodes 69 is 
preferably in the range of about 0.01 to about f .0 fim. 

A polarizing plate (not show n) is attached to the back 
surface of the thus-fabricated active matrix substrate of this 
eo example. A backlight is then disposed on the outer surface 
of the polarizing plate. 

Electric corrosion is generated if the Al film is formed 
after the portions of the polymer resin film 65 located on the 
transmission electrodes 68 are removed. Therefore, the 
e5 portions of the polymer resin film 65 located on the trans- 
mission electrodes 68 should be removed after the formation 
of the reflection electrodes 69. This removal can be done by 
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ashing, together with the removal of the portions of the 
polymer resin film 65 located above terminal electrodes for 
the connection of drivers formed on the peripheries of the 
active matrix substrate 70. This improves the process effi- 
ciency and allows for efficient voltage application to the 5 
liquid crystal layer. 

If the polymer resin film 65 is not used in the process of 
forming the convex portions, a layer of Mo or the like may 
be formed between the transmission electrodes 68 made of 
ITO and the reflection electrodes 69 made of Al, to prevent 10 
the generation of electric corrosion. 

The thus-formed reflection electrodes 69, made of a 
material having a high light reflection efficiency, have an 
upper surface in a continuous wave shape since the under- 
lying polymer resin film 65 has the continuous wave shape 15 
as described above. 

In this example, the transmission electrodes 68 are formed 
simultaneously with the formation of the source bus lines 74. 
When the source bus lines 74 are of a single -layer structure 
composed of the metal layer 81, not the double-layer struc- 20 
tare composed of the metal layer 81 and the ITO layer 80 as 
described above, the transmission electrodes 68 may be 
formed separately from the formation of the source bus lines 
74. 

The wavelength dependence of light reflected from the 25 
rolled ion electrodes 69 having a continuous wave shape and 
made of a material having a high light reflection efficiency 
was measured in a manner as shown in FIG. 22. An object 
structure for measurement was formed by simulating con- 
ditions for the reflection electrodes 69 equivalent to an 30 
actual liquid crystal display device during an actual use. 
Specifically, a dummy glass 66 having a refractive index of 
1.5, which is substantially equal to the refractive index of the 
actual liquid crystal layer is attached to the active matrix 
substrate 70, with the reflection electrodes 69 and the 35 
transmission electrodes 68 formed thereon with an ultra- 
violet-setting adhesive 67 having a refractive index of about 
1.5. 

As the measurement system, a light source LI is disposed 
so that an incident light beam 1.1' is incident at an incident 40 
angle 6i with respect to the normal ml of the dummy glass 
66, and a photomultimeter L2 is disposed so as to capture a 
fixed-angle light beam reflected at an output angle 9o with 
respect to the normal m2. 

With the above construction, the photomultimeter L2 45 
captures the intensity of a scattered light beam L2' which is 
reflected al the output angle Ho among scattered light beams 
which are incident on the dummy glass 66 at the incident 
angle 0i, as the incident light beam LI'. 

The above measurement was conducted under the condi- 50 
tions of 9i=30° and 9o=20° in order to avoid the photomul- 
timeler 1.2 from capturing a regular-reflected liglil beam 
which is emitted from the light source LI and reflected from 
the surface of the dummy glass 66. 

FIG. 24 is a graph showing the wavelength dependence of 55 
reflected light in this example. 

As shown in FIG. 24, the wavelength dependence of the 
reflectance is hardly recognized in this example, which 
proves that a good white color display is obtained. 

In this example, the shape of the pattern holes 63a and 636 60 
of the photomask 63 is a circle. Other shapes such as a 
rectangle, an ellipse, and a stripe may also be used. 

In this example, the convex portions 64a and 64i> with 
two different heights are formed. Alternatively, convex 
portions with a single height or those with three or more 65 
different heights may also be formed to obtain reflection 
electrodes having good reflection characteristics. 
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It has been found, however, that reflection electrodes with 
better wavelength dependence of the reflection characteris- 
tics are obtained when convex portions with two or more 
different heights are formed then when convex portions with 
a single height are formed. 

If it is ensured that the upper surface of a continuous wave 
shape can be obtained only by the convex portions 64a and 
64b, the formation of the polymer resin film 65 is not 
required. Only the resist film 62 (See FIGS. 20B and 20C) 
is formed to obtain the upper surface of a continuous wave 
shape and then the reflection electrodes 69 are formed 
thereon. In this case, the step of forming the polymer resin 
film 65 can be omitted. 

In this example, OFPR-800 manufactured by Tokyo Ohka 
Co., Ltd. is used as the photosensitive resin material. Any 
other photosensitive resin material of the negative or posi- 
tive type which can be patterned by an exposure process may 
also be used. Examples of such photosensitive resin mate- 
rials include: OMR-83, OMR-85, ONNR-20, OFPR-2, 
OFPR-830, and OFPR-500 manufactured by Tokyo Ohka 
Co., Ltd., TF-20, 1300-27, and 1400-27 manufactured by 
Shipley Co.; Photoneath manufactured by Toray Industries, 
Inc.; RW-101 manufactured by Sekisui Fine Chemical Co., 
Ltd., and R101 and R633 manufactured by Nippon Kayaku 
K.K. 

In this example, the TFTs 71 are used as the switching 
elements. The present invention is also applicable to active 
matrix substrates using other switching elements such as 
metal-insulator-metal (MIM) elements, diodes, and varis- 

Thus, as described above, in the liquid crystal display 
device and the method for fabricating the liquid crystal 
display device of Example 8, the reflection electrodes made 
of a material having a high light reflection efficiency arc 
formed so as to have a continuous wave shape. This reduces 
the wavelength dependence of the reflection and thus permit 
realization of a good white color display by reflection 
without the generation of an interference color. 

Since the convex portions are formed on the substrate by 
an optical technique using a photomask, good reproducibil- 
ity is ensured. The resultant wave-shaped upper surfaces of 
the reflection electrodes can also be obtained with good 
reproducibility. 

The transmission electrodes made of a material having a 
high light transmission efficiency are formed simultaneously 
with the formation of the source bus lines. This allows for 
the formation of the transmission electrodes of the 
reflection/transmission type liquid crystal display device 
without increasing the number of steps compared with the 
conventional liquid crystal display device. 

By forming a continuous wave shape for the reflection 
electrodes, more effective use of light than that expected 
from the actual aperture ratio is possible. 

According to the liquid crystal display device of this 
example, the reflection portion made of a material having a 
high fight reflection efficiency and a transmission portion 
made of a material having a high light transmission effi- 
ciency are formed in one display pixel. With this 
construction, when the environment is pitch-dark, the device 
serves as a transmission type liquid is crystal display device 
which displays images utilizing light from the backlight 
passing through the transmission portion. When the envi- 
ronment is comparatively dark, the device serves as a 
reflection/transmission type liquid crystal display device 
which displays images utilizing both light from the backlight 
passing through the transmission portion and light reflected 
from the reflection portion composed of a film having a 
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comparatively high reflectance. When the environment is 
bright, the device serves as a reflection type liquid crystal 
display device which displays images utilizing light 
reflected from the reflection portion composed of a film 
having a comparatively high reflectance. 

In other words, according to this example, the pixel 
electrode of each pixel is composed of the reflection portion 
made of a material having a high lighl rellcction efficiency 
and the transmission portion made of a material having a 
high light transmission efficiency. Thus, a liquid crystal 
display device having a good light utilization efficiency in 
any of the above-described cases and an excellent produc- 
tivity is realized. 

In this example, the upper surface of the reflection portion 
made of a material having a reflection function is of a 
continuous wave shape. This prevents the occurrence of a 
mirror phenomenon without providing a light scattering 
means, which is necessary when the reflection portion is flat, 
thus realizing a paper-white display. 

In this example, a photosensitive polymer resin film 
having a plurality of convex portions underlies the reflection 
portion made of a material having a reflection function. With 

smooth concave and convex shape, it. does not influence the 
display. Thus, the liquid crystal display device can be 
fabricated with good productivity. 

The transmission portion made of a material having a high 
light transmission efficiency is formed simultaneously with 
the formation of the source bus lines. This greatly shortens 
the fabrication process of the liquid crystal display device. 

A protection film is formed between the transmission 
portion and the reflection portion. This prevents the genera- 
tion of electric corrosion between the transmission portion 
and the reflection portion. 

The reflection material remaining on the transmission 
portions and terminal electrodes is simultaneously removed 
when the patterning of the reflection portions is conducted. 
This greatly shortens the fabrication process of the liquid 
crystal display device. 

In this example, lighl emitted from the backlight passes 
through the transmission portion to leave the substrate, 
while it is reflected from the back surface of the reflection 
portion to be returned to the backlight and reflected again 
toward the substrate. Part of the re-reflected light passes 
through the transmission portion to leave the substrate. 

It is conventionally difficult to direct the re-reflected light 
to effectively pass through the transmission portion since 
regular reflection mainly occurs when the reflection portion 
is flat. In this example, however, since the reflection portion 
is of a continuous wave shape, the light emitted from the 
backlight is scattered, allowing the reflected lighl to effec- 
tively return toward the portion of the backlight located 
below the transmission portion. Thus, more effective use of 
light than that expected from the actual aperture ratio is 
possible, unlike the conventional transmission type liquid 
crystal display device. 

EXAMPLE 9 

FIG. 25 is a partial sectional view of a transmission/ 
reflection type liquid crystal display device 100 of Example 
9 according to the present invention, 

Referring to FIG. 25, the liquid crystal display device 100 
includes an active matrix substrate 70 shown in FIG. 18 
(corresponding to the P' — F' cross section), a counter sub- 
strate (color filter substrate) L60, and a liquid crystal layer 
140 interposed therebetween. The transmission/reflection 
type active matrix substrate 70 includes a plurality of gate 
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bus lines 72, as scanning lines, and a plurality of source bus 
lines 74, as signal lines, formed on an insulating glass 
substrate 61 so as to cross with each other. In each of the 
rectangular regions surrounded by the adjacent gate bus 

5 lines 72 and the adjacent source bus lines 74, a transmission 
electrode 68 made of a material having a high light trans- 
mission efficiency and a reflection electrode 69 made of a 
material having a high light reflection efficiency are dis- 
posed. The transmission electrode 68 and the reflection 

jh electrode 69 constitute one pixel electrode. The counter 
substrate (color filter substrate) 160 includes a color filter 
layer 164 and a transparent electrode 166 made of ITO or the 
like formed in this order on an insulating glass substrate 162. 
Vertical alignment films (not shown) are formed on the 

15 surfaces of the substrates 70 and 160 facing the liquid crystal 
layer 140. In order lo define the direction of liquid crystal 
molecules oriented by the electric field, the vertical align- 
ment films are rubbed in a direction so as to provide a pretilt 
angle to the liquid crystal molecules. A nematic liquid 

:o crystal material having a negative dielectric anisotropy (e.g.. 
M J manufactured by Merck & Co., Inc.) is used for the 
liquid crystal layer 140. 

Each pixel which is a minimum display unit of the liquid 
crystal display device 100 includes a reflection region 120R 

25 defined by the reflection electrode 69 and is the transmission 
region 120T defined by the transmission electrode 6S. The 
thickness of the liquid crystal layer 140 is dr in the reflection 
region 120R and dt (dt=2dr) in the transmission region 120T, 
so that the optical path lengths of light beams contributing 

30 to the display (reflected light beams in the reflection region 
and transmitted light beams in the transmission region) arc 
substantially equal to each other. Although dt=2dr is 
preferable, (It and dr may be appropriate!} determined in the 
relationship with the display characteristics as far as dt>dr. 

35 Typically, dt is about 4 to about 6 fim and dr is about 2 to 
about 3 [im. In other weirds, a step of about 2 to about 3 iim 
is formed in each pixel region of the active matrix substrate 
70. When the reflection electrode 69 has a concave and 
convex shaped surface as shown in FIG. 25, the average 

40 value of thicknesses should be dr. In this way, the 
transmission/reflection type liquid crystal display device 
100 includes two types of regions (the reflection regions and 
the transmission regions) where the thickness of the liquid 
crystal layer 140 is different Iherebetween. In this example, 

45 the active matrix substrate 70 includes the reflection regions 
120R and the transmission regions 120T having different 
heights formed on the side facing the liquid crystal layer 
140. 

A liquid crystal display device (diagonal: 8.4 inches) 

50 having the construction shown in FIG. 25 was actually 
fabricated and subjected to a 64 gray-level display to evalu- 
ate the display characteristics (transmittance and 
reflectance) of the device. The evaluation results are shown 
in FIG. 26. The liquid crystal display device was fabricated 

55 under the following conditions. The ratio of the area of the 
transmission region 1201' to that of the rellcction region 
120R in one pixel was 4:6. The transmission electrodes 68 
were made of, ITO, while the reflection electrodes 69 were 
made of Al. The thickness dt of the liquid crystal layer 140 

60 in the transmission regions 120T was set at about 5.5 pan, 
while the thickness of the liquid crystal layer 140 in the 
reflection regions 120R were set at about 3 pan. 

The transmittance of the liquid crystal display device in 
the transmission mode using light from a backlight was 

65 measured by MUo manufactured by Topcon Co., while the 
reflectance of the liquid crystal display device in the reflec- 
tion mode using ambient light was measured by LCD-5000 
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manufactured by Otsuka Electronics Co., Ltd. by use of an 
integrating sphere. 

As is apparent from FIG. 26, the variations in the reflec- 
tance and-thc transmittancc in the 64 gray-level display (the 
solid line and the dotted line in FIG. 26, respectively) 5 
substantially match with each other. Accordingly, a gray- 
level display with a sufficient display quality is realized even 
if the display in the transmission mode using light from the 
backlight and the display in the reflection mode using 
ambient light arc conducted simultaneously. The contrast |M 
ratios in the transmission mode and the reflection mode were 
about 200 and about 25, respectively. 

Hereinbelow, the evaluation results of color reproducibil- 
ity will be described. FIGS. 27 and 28 are cbromaticity 
diagrams of a conventional transmission type liquid crystal 15 
display device and the transmission reflection type liquid 
crystal display device of this example, respectively, under 
ambient light with different brightnesses The same hack- 
light was used for these liquid crystal display devices. 

As is apparent from FIG. 27, as the illuminance on the 
display screen by ambient light increases from I) Ix to N.000 
lx and then to f7,000 lx, the range of the color reproduc- 
ibility (the area inside the triangle in FIG. 27) of the 
conventional liquid crystal display device significantly 25 
decreases. This is recognized by the observer as color 
blurring. In the transmission/reflection type liquid crystal 
display device, however, as is observed from FIG. 28, the 
range of the color reproducibility when the illuminance is 
8,000 lx is substantially the same as that when the illumi- 3Q 
nance is 0 lx. Moreover, only a minor decrease is observed 
in the color reproducibility when the illuminance is 17,000 
lx. Color blurring is therefore hardly recognized. 

In the conventional transmission type liquid crystal dis- 
play device, the contrast ratio is lower due to the reflection 35 
of ambient light from the surface of the display panel, as 
well as due to reflected light from a black mask for light 
shading, interconnect lines, and the like. On the contrary, in 
the transmission/reflection type liquid crystal display device 
of this example, which provides a reflection mode display 40 
using ambient light in addition to the transmission mode 
display, the lowering of the contrast ratio due to the reflec- 
tion of ambient light in the transmission mode display can be 
suppressed by the reflection mode display. Thus, the contrast 
ratio obtained by the liquid crystal display device of this 45 
example will not become lower than the contrast ratio which 
may be obtained by only the reflection mode display irre- 
spective of how bright ambient light becomes. As a result, in 
the tranamission relleelion type liquid crystal display device 
of this example, the color reproducibility is hardly lowered 50 
even under bright ambient light and thus a display with high 
visibility can be obtained under any environment. 

FIG. 29 shows an alternative embodiment of the construc- 
tion of this example, where a reflection electrode region 
160R includes a reflection layer (reflection plate) 169 and a 55 
portion of a transmission electrode 168. This is unlike the 
construction shown in FIG. 25, where the reflection elec- 
trode region 120R includes a reflection electrode 69 having 
a relleelion characteristic. The height of the relleelion elec- 
trode region 160R of the active matrix substrate can be 60 
controlled by adjusting the thickness of the reflection layer 
169 and/or an insulating layer 170 formed on the reflection 
layer 169. 

EXAMPLE f 0 65 
FIG. 30 is a partial plan view of an active matrix substrate 
of a liquid crystal display device of Example f 0 according 



to the present invention. FIG. 31 is a sectional view taken 
along line G— G of FIG. 30. 

Referring to FIGS. 30 and 31, a plurality of gate lines 202 
and a plurality of source lines 203 are formed on a trans- 
parent insulating substrate 201, made of glass or plastic, so 
as to cross with each other. Each region surrounded by the 
adjacent gate lines 202 and the adjacent source lines 203 
defines a pixel. A TFT 204 is disposed in the vicinity of each 
of the crossings of the gate lines 202 and the source lines 
203. A drain electrode 205 of each TFT 204 is connected to 
a corresponding pixel electrode 206. The portion of each 
pixel where the pixel electrode 206 is formed is composed 
of two regions as is viewed from the top, i.e., a region T 
having a high transmission efficiency and a region R having 
a high reflection efficiency. In this example, an ITO layer 

207 constitutes the top layer of the region T as a laver having 
a high transmission efficiency, while an Al layer 208 (or an 
Al alloy layer) constitutes the top layer of the region R as a 
layer having a high reflection efficiency. The layers 207 and 

208 constitute the pixel electrode 206 of each pixel. The 
pixel electrode 206 overlaps a gate line 202a for the adjacent 
pixel in the next pixel row via a gate insulating film 209. 
During driving, a storage capacitor for the driving of liquid 
cry stal is formed at this overlap portion. 

The TFT 204 includes a gate electrode 210 branched from 
the corresponding gate line 202 (in this case 202a), a gate 
insulating film 209, a semiconductor layer 212, a channel 
protection layer 213, and n + -Si layers 211 which are to be 
source/drain electrodes deposited in this order. 

Though not shown, the resultant active matrix substrate is 
provided with an alignment film, and then bonded with a 
counter substrate having a transparent electrode and an 
alignment film formed thereon. Liquid crystal is injected in 
a space between the two substrates in a sealing manner, and 
a backlight is disposed on the rear side of the resultant 
structure, thereby completing the liquid crystal display 
device of this example. 

A mixture of a guest-host liquid crystal material, ZLI2327 
(manufactured by Merck & Co., Inc.) containing black 
pigments therein and 0.5', of an optically active substance, 
S-811 (manufactured by Merck & Co., Inc.) was used as the 
liquid crystal. An electrically controlled birefringence 
(ECB) mode may also be used as the liquid crystal &ode by 
disposing polarizing plates on the top and bottom surfaces of 
the liquid crystal layer. When a color display is desired, a 
color filter (referred to as a CF layer) composed of red, 
green, and blue colored layers is disposed on top of the 
liquid crystal layer. 

Hereinbelow, a method for fabricating such an active 
matrix substrate of this example will be described. 

First, the gate lines 202 and the gate electrodes 210 made 
of Ta arc formed on the insulating substrate 201, and the gate 
insulating film 209 is formed over the entire resultant 
substrate. Subsequently, the semiconductor layer 212 and 
the channel protection layer 213 are formed above each of 
the gate electrodes 210, followed by the formation of the 
n + -Si layers 211 as the source electrodes 211 and drain 
electrodes 205 (or 211). 

An ITO layer 203a (a lower layer) and a metal layer 2036 
(an upper layer) are formed in this order by sputtering and 
patterned to form the source lines 203. In this example, Ti 
was used for the metal layer 2036. 

This double-layer structure of the source lines 203 is 
advantageous in that even if the metal layer 2036 constitut- 
ing each source line 203 is partly defective, the electric 
connection of the source line 203 is maintained by the ITO 
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layer 203a, reducing the occurrence of disconnections in the 
source lines 203. 

The ITO layer 207 of the region T having a high trans- 
mission efficiency is formed of the same material at the same 
step as the ITO layer 203a of the source line 203. The region 
R having a high reflection efficiency is formed by forming 
an Mo layer 214 and the Al layer 208 by sputtering in this 
order and patterning. The Al layer 208 can provide a 
sufficiently stable reflection efficiency (about 90%) when the 
thickness thereof is about 150 nm or more. In this example, 
the thickness of the Al layer 208 was 150 nm to obtain the 
reflection efficiency of 90% and thus to allow ambient light 
to be effectively reflected. Ag, Ta, W, and the like may also 
be used in place of Al or an Al alloy for the layer (Al lay er 
208) having a high reflection efficiancy. 

In this example, the ITO layer 207 and the Al layer 208 
are used as the pixel electrode 206 of each pixel. 
Alternatively, layers of Al or an Al alloy with different 
thicknesses may be formed to define a region having a high 
transmission efficiency and a region having a high reflection 
efficiency as the regions T and R, respectively. This makes 
the fabrication process simpler then in the case of using 
different materials. Also, the layer having a high reflection 
efficiency of the region R (the Al layer 208 in this example) 
may be made of the same material as that used for the metal 
layer 203b of the source line 203. This makes it possible to 
fabricate the liquid crystal display device of this example by 
the same process as that used in the fabrication of a 
conventional transmission type liquid crystal display device. 

As described above, each pixel electrode 206 is composed 
of the region T having a high transmission efficiency and the 
region R having a high reflection efficiency. This construc- 
tion realizes a liquid crystal display device where a trans- 
mission mode display, a reflection mode display, and a 
transmission/reflection mode display are possible by utiliz- 
ing ambient light and illumination light more efficiently, 
compared with the conventional liquid crystal display device 
using a semi-transmissive reflection film. 

The ITO layer 207 is formed, as the pixel electrode 206, 
over the entire region of each pixel and above the gate line 
202a of the adjacent pixel, in the next pixel row, via the gate 
insulating film 209, interposed therebetween. The Al layer 
208 is formed on the ITO layer 207 via the Mo layer 214, 
interposed therebetween, to constitute the region R in the 
center portion of the pixel like an island. In this way, since 
the ITO layer 207 and the Al layer 208 are electrically 
connected with each other, the regions T and R apply the 
same voltage received from the same TFT 204 to the liquid 
Crystal. Thus, a disclination line which may occur when the 
orientation of the liquid crystal molecules varies within one 
pixel during the voltage application is prevented. 

The interposition of the Mo layer 214 between the ITO 
layer 207 and the Al layer 208 serves to prevent the 
generation of electric corrosion due to the contact between 
the ITO layer 207 and the Al layer 208 via an electrolytic 
solution in the fabrication process. 

In this example, good display characteristics are obtained 
by setting the ratio of the area of the region T to that of the 
region R at 60:40. The area ratio is not limited to this value, 
but may be appropriately changed depending on the 
transmission/reflection efficiency of the regions T and R and 
the use of the device. 

In this example, the area of the region R is preferably 
about 10 to about 90% of the effective pixel area (i.e., the 
total of the area of the region T and the area of the region R). 
If this percentage is below about 10%, i.e., the region having 
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a high transmission efficiency occupies a too large a portion 
of the pixel, there arises a problem which arises in conven- 
tional transmission type liquid crystal display devices, i.e., 
the problem that the display is blurred when the environment 
becomes too bright. Conversely, if the percentage of the 
region R exceeds about 90%, a problem arises when the 
environment becomes too dark to observe the display only 
by ambient light. That is, even if the backlight is turned on 
during such an occasion, the occupation of the region T is so 

10 small that the resultant display is not recognizable. 

In particular, when the liquid crystal display dev ice is 
applied to an apparatus which is mainly used outdoors, 
battery life is an important factor, and the device should be 
designed so as to utilize ambient light efficiently to realize 

is a lower power consumption. Accordingly, the area of the 
region R, having a high reflection efficiency, is preferably 
about 40 to about 90% of the effective pixel area. When the 
area occupation of the region R is about 40< < , the environ- 
ment where only the reflection mode display is sufficient for 

20 display becomes limited, and thus the amount of time 
requiring light from the backlight becomes too long. This 
reduces battery life. 

On the other hand, when the liquid crystal display device 
is applied to an apparatus which is mainly used indoors, the 

- > device should be designed so as to utilize light from the 
backlight efficiently. Accordingly, the area of the region R is 
preferably about 10 to about 60' < of the effective pixel area. 
When the area occupation of the region R exceeds 60%, the 
region T for transmitting light from the backlight becomes 

30 too small. To compensate for this, the brightness of the 
backlight must be substantially increased when compared 
with, for example, a transmission type liquid crystal display 
device. This increases the power consumption and lowers 
the backlight utilization efficiency of such a device. 

35 The liquid crystal display device of this example was 
actually mounted in a battery-driven video camera. As a 

result, the display was kept bright and recognizable regard- 
less of the brightness of ambient light by adjusting the 
brightness of the backlight. In particular, when the device 
was used outdoors during a fine weather, it was not neces- 
sary to light the backlight, thus reducing the power con- 
sumption. Therefore, battery life is significantly increased 
when compared with a device with only a transmission type 
45 liquid crystal display device. 

EXAM PTE 11 

FIG. 32 is a partial plan view of an active matrix substrate 
of a liquid crystal display device of Example 11 according 
to the present invention. FIG. 33 is a sectional view taken 
along line H— H of FIG. 32. 

In this example, the portion of each pixel where the pixel 
electrode is formed is divided into two regions at the center 
thereof as is viewed from the top, i.e., a region T having a 
55 high transmission efficiency and a region R having a high 
reflection efficiency. 

The same components are denoted by the same reference 
numerals as those in FIGS. 30 and 31 in Example 10. The 
pixels, the structure of the TFTs, and the fabrication process 
60 of the device are substantially the same as those described in 
Example 10. 

Referring to, FIGS. 32 and 33, an ITO layer 207 is formed 
over the region of each pixel ranging from the center portion 
to a vicinity of a corresponding gate line 202, and partly 
65 connected to a drain electrode 205 of a TFT 204. An Al layer 
208, having a high reflection efficiency, overiaps the ITO 
layer 207 via an Mo layer 214 at the center portion of the 
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pixel. The Al layer 208 extends on the side of the pixel 
opposite to the region of the ITO layer 207, to overlap a gate 
line 202a for the adjacent pixel in the next pixel row via a 
gate insulating film 209. 

Since the ITO layer 207 and the Al layer 208 are electri- 
cally connected via the Mo layer 214, electric corrosion due 
to the contact between the ITO layer 207 and the Al layer 
208 is suppressed. The overlap between the Al layer 208, 
i.e., the region R and the gate line 202a, and the adjacent 
pixel is accomplished via the insulating film 209. This 
overlap forms a storage capacitor during the driving of 
liquid crystal, and this overlap portion of the region R also 
contributes to the display This significantly increases the 
effective area of the pixel compared with the conventional 
construction. 

In order to further increase the aperture ratio of the pixel, 
a film having a high rellection efficiency such as the Al layer 
208 may be formed above the TFT 204 or the source line 
203, via an insulating film, to serve as part of the pixel 
electrode 206 (which is electrically connected to the drain 
electrode 205). In such a case, however, the thickness, the 
material, and the pattern design of the insulating film should 
be appropriately determined so that the degradation of image 
quality due to a parasitic capacitance generated between the 
pixel electrode 206 and the TFT 204 or the source line 203 
is minimized. 

EXAMPLE 12 

FIG. 34 is a partial plan view of an active matrix substrate 
of a liquid crystal display device of Example 12 according 
to the present invention. FIG. 35 is a sectional view taken 
along line I— I of FIG. 34. 

This example is different from Example 11 in that a 
common line 215 is formed under the region R having a high 
reflection efficiency, via a gate insulating film 209. 

The same components are denoted by the same reference 
numerals as those in FIGS. 30 to 33 in Examples 10 and ff . 
The pixels, the structure of the TFTs, and the fabrication 
process of the device are substantially the same as those 
described in Examples 10 and 11. 

Referring to FIGS. 34 and 35, an ITO layer 207 is formed 
over the region of each pixel ranging from the center portion 
to a vicinity of a corresponding gale line 202 and connected 
to a drain electrode 205 of a TFT 204. An Al layer 208 
having a high reflection efficiency overlaps the ITO layer 

207 via an Mo layer 214 at tfie center portion of the pixel. 
The Al layer 208 and extends on the side of the pixel 
opposite to the region of the ITO layer 204 in the vicinity of 
a gale line 202k for the adjacent pixel in the next pixel row. 
overlapping the common line 215 via a gate insulating film 
209. 

Since the ITO layer 207 and the Al layer 208 are electri- 
cally connected via the Mo layer 214, electric corrosion due 
to the contact between the ITO layer 207 and the Al layer 

208 is suppressed. The overlap between the Al layer 208, 
i.e., the region R and the common line 215 via the insulating 
film 209 forms a storage capacitor during the driving of 
liquid crystal, contributing to an improved display. This 
formation of the storage capacitor will not lower the aperture 

In order to further increase the aperture ratio of the pixel, 
a film having a high reflection efficiency such as the Al layer 
208 may be formed above the TFT 204 or the source line 
203, via an insulating film, to serve as part of the pixel 
electrode 206 (which is electrically connected to the dram 
electrode 205). In such a case, however, the thickness and 
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the material of the insulating film should be appropriately 
determined so that no parasitic capacitance is generated 
between the pixel electrode 206 and the TFT 204 or the 
source line 203. For example, after the formation of the ITO 

5 layers 207, an organic insulating film having a dielectric 
constant of about 3.6 may be deposited over the entire 
resultant substrate to a thickness as large as about 3 /r.m. 
Then, the Al layer 208 may be formed in each pixel, so as 
to overlap the TFT 204 or the source line 203 and to be 

to electrically connected to the drain electrode 205. This elec- 
trical connection can be realized via a contact hole by 
forming a contact hole on the drain electrode 205 or the ITO 
layer 207. 

In this example, the portion of each pixel where the pixel 
is electrode 206 is formed is divided into two regions, i.e., a 
region having a high transmission efficiency (region T) and 
a region having a high rellection efficiency (region R). 
Alternatively, the portion may be divided into three or more 
regions. For example, as shown in FIG. 36, the pixel 
20 electrode 206 may be divided into three regions, i.e., the 
region T having a high transmission efficiency, the region R 
having a high reflection efficiency, and a region C having a 
different transmission or reflection efficiency from the other 
two regions. 

EXAMPLE 13 
FIG. 37 is a partial plan view of an active matrix substrate 
of a liquid crystal display device of Example 13 according 
to the present invention. FIGS. 38A to 38D are sectional 
30 views taken along line J — J of FIG. 37, illustrating the 
process of fabricating the liquid crystal display dc\ ice of this 
example. 

In this example, regions R having a high reflection 
efficiency are made of the same material as that used for 
source lines. The same components are denoted by the same 
reference numerals as those in FIGS. 30 to 36 in Examples 
10 to 12. The pixels, the structure of the TFTs, and the 
fabrication process of the device arc substantially the same 
^ as those described in Examples 10 to 12 unless otherwise 

In this example, each pixel includes a region T having a 
high transmission efficiency formed in the center portion 
thereof and a region R surrounding the region T. flic outer 
45 profile of the region R is a square along two gate lines and 
two source lines. The region R includes a layer, having a 
high reflection efficiency, made of the same material as that 
for the source line, realizing a high reflection efficiency. 

The process of fabricating such a liquid crystal display 
.„ device will be described with reference to FIGS. 38A to 
38D. 

Referring to FIG. 38A, gate lines 202 (see FIG. 37) and 
gate electrodes 210, a gate insulating film 209, semiconduc- 
tor layers 212, channel protection layers 213, and n + -Si 

55 layers 211, which are to be source electrodes 211 and drain 
electrodes 205 (or 211) are sequentially deposited on an 
insulating substrate 201 by sputtering. Then, a conductive 
film 241 for source lines 203 (see FIG. 37) is deposited on 
the resultant substrate by sputtering. 

60 Referring to FIG. 38B, the conductive film 241 is pat- 
terned to form layers 242 ha\ ing a high rellection efficiency, 
drain-pixel electrode connecting layers 243, and the source 
lines 203. The regions of the layers 242 having a high 
reflection efficiency correspond to the regions R. 

65 Referring to FIG. 38C, an interlayer insulating film 244 is 
formed over the resultant substrate, and then contact holes 
245 are formed through the interlayer insulating film 244. 
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Referring to FIG. 38D, a layer 246 having a high trans- 
mission efficiency, made of ITO, is formed over the entire 
area of each pixel. The layer 246 having a high transmission 
efficiency may be made of any other material having a high 
transmission efficiency. The layer 246 having a high trans- 
mission efficiency is connected to the connecting layer 243 
via the contact hole 245 formed through the interlayer 
insulating film 244, thus being electrically connected to a 
corresponding drain electrode 205. The layer 246 having a 
high transmission efficiency also serves as the pixel elec- 
trode for applying a voltage to a liquid crystal layer, so that 
the voltage is applied to the portions of the liquid crystal 
layer corresponding to both the regions T and R via the layer 
246 having a high transmission efficiency. Thus, in this 
example, each pixel electrode is composed of only the layer 
246 having a high transmission efficiency, and are not 
composed of the region T having a high transmission 
efficiency and the region R having a high reflection effi- 
ciency. This construction is advantageous over the transmis- 
sion type liquid crystal display device in that the region 
having a high rclleetioi] efficiency can be formed without 
increasing the number of process steps and that failure in the 
formation of pixel electrodes is minimized. 

EXAMPLE 14 

FIG. 39 is a partial plan view of an active matrix substrate 
of a liquid crystal display device of Example 14 according 
to the present invention. FIGS. 40A to 40D are sectional 
views taken along line K— K of FIG. 39, illustrating the 
process of fabricating the liquid crystal display device of this 

In this example, regions R (the hatched portion in FIG. 
39) having a high rellection efficiency are made of the same 
material as is used for gate lines. The same components are 
denoted by the same reference numerals as those in FIGS. 30 
to 38 in Examples 10 to 13. The pixels, the structure of the 
TFTS, and the fabrication process of the device are substan- 
tially the same as those described in Examples 10 to 13 
unless otherwise specified. 

In this example, each pixel includes a rectangular region 
T having a high transmission efficiency formed in the center 
portion thereof and a region R substantially composed of 
two connected strips surrounding the region T as is viewed 
from the top, The outer profile of the region R is a square 
along two gate lines and two source lines. The region R 
includes a layer, having a high reflection efficiency, made of 
the same material as that for the gate line, realizing a high 
reflection efficiency. 

The process of fabricating such a liquid crystal display 
device will be described with reference to FIGS. 40 A to 
40D. 

Referring to FIG. 40A. a conductive film is formed on an 
insulating substrate 201. The conductive film is then pat- 
terned to form gale electrodes 210. gale lines 202 (see FIG. 
39), and layers 242 having a high reflection efficiency. The 
layers 242 having a high reflection efficiency correspond to 
the regions R. 

Referring to FIG. 40B, a gate insulating film 209, semi- 
conductor layers 212, channel protection layers 213, and 
n + -Si layers 211 which are to be source electrodes 211 and 
drain electrodes 205 (or 211) are sequentially deposited on 
the resultant substrate by sputtering. Then, metal layers 
2036, used as part of source layers 203, and drain-pixel 
electrode connecting layers 243 are formed during the same 
step. The connecting layers 243 partly overlap drain elec- 
trodes 205 of TFTs 204. 



52,654 B2 

34 

Referring to FIG. 40C, ITO is deposited on the resultant 
substrate by sputtering and patterned to form layers 246 
having a high transmission efficiency and ITO layers 203a 
as part of the source lines 203. The layers 246 having a high 
5 transmission efficiency are formed over the entire areas of 
respective pixels, and the ITO layers 203a are formed on the 
metal layers 203ft to have the same pattern as the metal 
layers 2036. The layer 246 having a high transmission 
efficiency partly overlap the connecting layers 243 to be 
10 electrically connected to the respective TFTs 204. 

Referring to FIG. 40D, a passivation fifm 247 is formed 
and patterned. 

Thus, each pixel of the liquid crystal display device of this 
example includes the region T having a high transmission 

15 efficiency in the center portion thereof, and the region R 
having a high reflection efficiency surrounding the region T 
in a shape of two connected strips along the adjacent source 
lines. In this case, since the ITO layers 203a of the source 
lines 203 and the layers 242, having a high reflection 

20 efficiency are located at different levels, the gap between the 
ITO layer 203a and the layer 242, having a high reflection 
efficiency, of each pixel, which is required to prevent a 
leakage therebetween, can be narrowed, and thus the aper- 
ture ratio of the pixel can be increased, compared with the 

25 case where the regions T and R are formed in reverse (i.e., 
the ease where the layer having a high reflection efficiency 
is located in the center portion of the pixel). 

In this example, as in Example 13, each pixel electrode is 
composed of only one type of electrode (i.e., the layer 246 

30 having a high transmission efficiency). This construction is 
advantageous over the construction where the pixel elec- 
trode is composed of two types of electrodes in that the 
occurrence of delects is reduced and efficient fabrication of 
the device is possible. 

In this example, each source line 203 is of a double layer 
structure composed of the metal layer 2035 and the ITO 
layer 203a. Even if the metal layer 2036 is partly defective, 
the electric connection of the source line 203 is maintained 

40 by the ITO layer 203a. This reduces the occurrence of 
disconnections in the source line 203. 

EXAMPLE 15 
FIG. 41 is a partial plan view of an active matrix substrate 
4 _ of a liquid crystal display device of Example 15 according 
to the present invention. FIGS. 42A to 42C are sectional 
views taken along line L — L of FIG. 41, illustrating the 
process of fabricating the liquid crystal display dc\ ice of this 
example. 

50 In this example, pixel electrodes extend over gate lines 
and/or source lines via an insulating film so as to increase the 
effective pixel area (the area substantially functioning as a 

The same components are denoted by the same reference 
55 numerals used in Examples 10 to 14. The pixels, the 
structure of the TFTs, and the fabrication process of the 
device are substantially the same as those described in 
Examples 10 to 14 unless otherwise specified. 

As shown in FIG. 41, in this example, each pixel includes 
eo a region T having a high transmission efficiency formed in 
the center portion thereol and a region R (a hatched portion 
in FIG. 41) a square formed from narrow strips, surrounding 
the region T as is viewed from the top. The pixel electrode 
including a layer having a high transmission efficiency 
c5 overlaps adjacent gale lines 202 and source lines 203 via an 
interlayer insulating film, so that a voltage can be applied to 
the portions of a liquid crystal layer located above the gate 
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lines 202 and the source lines 203. This ensures a larger 
effective pixel area than in Examples 10 to 14. In this 
example, the gate lines 202 and the source lines 203 serve 
as layers having a high reflection efficiency in the region R. 

The process of fabricating such a liquid crystal display 
device will be described with reference to FIGS. 42Ato 42C. 

Referring to FIG. 42A, gate electrodes 210, gate lines 202 
(see FIG. 41), a gate insulating film 209, semiconductor 
layers 212, channel protection layers 213, and n + -Si layers 
211, which are to be source electrodes 211 and drain 
electrodes 205 (or 211) are sequentially deposited on an 
insulating substrate 201 by sputtering. At least either of the 
gate lines 202 and the source lines 203, which are to be 
overlapped by light transmission layers as the pixel elec- 
trodes at a later step, are preferably made of a material 
having a high reflection efficiency. 

Referring to FIG. 429, an interlayer insulating film 244 is 
formed on the resultant substrate, and then contact holes 245 
are formed through the interlayer insulating film 244. 

Referring to FIG. 42C, a material having a high trans- 
mission efficiency such as ITO is deposited on the resultant 
substrate by sputtering and patterned to form layers 246 
having a high transmission efficiency. The layers 246, hav- 
ing a high transmission efficiency, arc connected, via the 
contact holes 245, to connecting layers 243 which are in turn 
connected to drain electrodes 205 of TFTs 204. At this time, 
the layers 246 having a high transmission efficiency are 
patterned so as to overlap at least either of the gate lines 202 
and the source lines 203. With this construction, the gate 
lines 202 and/or the source lines 203 which are overlapped 
by the layers 246 having a high transmission efficiency via 
the inferlayer insulating film 244, can be used as the layers 
having a high reflection efficiency. 

The display device having the above construction should 
be designed so that a degradation of the image quality, due 
to a phenomenon such as crosstalk, does not occur due to a 
capacitance generated between the layer 246, having a high 
transmission efficiency, and the gate line 202 or the source 
line 203. 

Thus, in this example, each pixel includes llie region T 
having a high transmission efficiency formed in the center 
portion thereof and the region R having a high reflection 
efficiency formed al positions corresponding to the adjacent 
gate lines and/or the source lines. This eliminates the neces- 
sity of forming an additional layer having a high reflection 
efficiency, and thus the process can be shortened. 

EXAMPLE 16 

FIG. 43 is a partial plan view of an active matrix substrate 
of a liquid crystal display device of Example 16 according 
to the present invention. FIGS. 44A to 44F are sectional 
views taken along line M — M of FIG. 43, illustrating the 
process of fabricating the liquid crystal display device of this 
example. 

As shown in FIG. 43, each pixel of the liquid crystal 
display device of this example includes a region T having a 
high transmission efficiency in the center portion thereof, 
and a region R (hatched portions in FIG. 43) having a high 
reflection efficiency composed of two strips along adjacent 
source lines 203 formed on the sides of the region T. 

As shown in FIG. 44F, the region R includes high convex 
portions 253a and low convex portions 2536 formed ran- 
domly on an insulating substrate 201, a polymer resin layer 
254 formed over these convex portions 253a and 2536, and 
a layer 242, having a high reflection efficiency, formed on 
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the polymer resin layer 254. The resultant layer 242, which 
constitutes the surface layer of the region R, has a surface of 
a continuous wave shape, and is electrically connected to a 
drain electrode 205 via a contact hole 245 and an underlying 

5 electrode (not shown). 

The method for fabricating such a liquid crystal display 
device will be described with reference to FIGS. 44Ato 44F. 

Referring to FIG. 44A, a plurality of gate lines 202 (see 
FIG. 43) and gate electrodes 210 branched from the gate 

10 lines 202, made of Cr, Ta, or the like, are formed on the 
insulating substrate 201. 

Then, a gate insulating film 209, made of SiN,, SiO^, or 
the like, is formed over the insulating substrate 201 covering 
the gale lines 202 and the gate electrodes 210 Semiconduc- 
tor layers 212, made of amorphous silicon (a-Si), 
polysilicon, CdSe, or the like, are formed on the portions of 
the gate insulating film 209 located above the gate electrodes 
210. A channel protection layer 213 is formed on each of the 

0Q semiconductor layers 212. A pair of contact layers 248, 
made of a-Si or the like, are formed on both side portions of 
the channel protection layer extending to the side portions of 
the semiconductor layers 212. 

A source electrode 249, made of Ti, Mo, Al, or the like, 

25 is formed on one of the contact layers 248, while the drain 
electrode 205 made of Ti, Mo, Al, or the like, is formed on 
the other contact layer 248. 

In this example, as the material of the insulating substrate 
201, a glass plate with a thickness of 1.1 mm, product 

30 number 7059 manufactured by Corning Inc. may be used. 
Referring to FIG. 44B, a conductive film is formed on the 

resultant substrate bv sputtering and patterned, to form metal 

layers 2036 used as part of the source lines 203 and the 
underlying electrodes 250 simultaneously. Each of the 

35 underlying layers 250 may be formed to partly overlap the 
gale electrode 202 for the adjacent pixel in the next pixel 
row, via the gate insulating film 209, so as to form a storage 
capacitor therebetween. 
Each of the gate lines 202 used to form a storage capacitor 

40 may be overlapped by a layer having a high reflection 
efficiency, or the reflection efficiency of the gate line 202 
itself may be made high to serve as part of the pixel region 
(the region R, to further increase the aperture ratio. 

45 Referring to FIG. 44C, ITO is deposited on the resultant 
substrate by sputtering and patterned to form ITO layers 
203a which constitute the source lines 203 together with the 
metal layers 2036. 

In this example, each source line 203 is of a double-layer 

50 structure composed of the metal layer 2036 and the ITO 
layer 203a. The double-layer structure is advantageous in 
that, even if the metal layer 2036 is partly defective, the 
electric connection of the source line 203 is maintained by 
the ITO layer 203a. This reduces the occurrence of discon- 

55 nections in the source line 203. 

Simultaneously with the formation of the ITO layers 
203a, layer 246, having a high transmission efficiency and 
which constitute the pixel electrodes, are also obtained by 
the patterning. In this way, the layers 246 having a high 

60 transmission efficiency as the pixel electrodes can be formed 
simultaneously with the source lines 203. 

Referring to FIG. 44D, a resist film 252, made of a 
photosensitive resin, is formed and patterned, and then 
heat-treated in order to round it, so that the high convex 

65 portions 253s and the low convex portions 2536, having a 
substantially circular cross-section, are formed on the por- 
tions of the resultant substrate corresponding to the regions 
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R. Such convex portions 253a and 253£> are preferably not 
formed on the layers 246 having a high transmission effi- 
ciency so that a voltage can be efficiently applied to a liquid 
crystal layer. Even if the convex portions 253a and 253fc are 
formed on the layers 246, however, no significant optical 
influence will be observed so long as the convex portions are 
transparent. 

Referring to FIG. 44E, a polymer film 254 is formed over 
the convex portions 253a and 2536. With this film, the 
concave and convex shaped surface of the region R can be 
made more continuous by reducing the number of flat 
portions. This step may be omitted by changing the fabri- 
cation conditions. 

Referring to FIG. 44F, layers 242 having a high reflection 
efficiency made of Al as the pixel electrodes are formed on 
predetermined portions of the polymer films 254 by 
sputtering, for example. Materials suitable for the layers 242 
having a high reflection efficiency include, besides Al and an 
Al alloy, Ta, Ni, Cr, and Ag having a high light reflection 
efficiency. The thickness of the layers 242 having a high 
reflection efficiency is preferably in the range of about 0.01 
to about 1.0 pm. 

Thus, each pixel of the liquid crystal display device of this 
example includes the region T having a high transmission 
efficiency formed in the center portion thereof, and the 
region R having a high reflection efficiency formed along the 
adjacent source lines. With this construction, since the ITO 
layers 203a of the source lines 203 and the layers 242 having 
a high reflection efficiency are located at different levels, the 
gap between the ITO layer 203a and the layer 242 with a 
high reflection efficiency of each pixel, which is required to 
prevent a leakage therebetween, can be narrowed, and thus 
the aperture ratio of the pixel can be increased, compared 
with the case where the regions T and R are formed in 
reverse (i.e., the case when the layer having a high reflection 
efficiency is located in the center portion of the pixel). 

In this example, the layers 242 having a high reflection 
efficiency have a smooth concave and convex shaped sur- 
face to allow reflected light to be scattered in a wide range 
of directions. When a scattering sheet is jointly used, such 
convex portions need not be formed with the resist film 252, 
instead the surface of the layers 242 having a high reflection 
efficiency can be made Hat. In either case, the layers 242, 
having a high reflection efficiency, and the layers 246 having 
a high transmission efficiency, exist as individual layers with 
a third substance (e.g., a resin and a metal such as Mo) 
interposed therebetween. With this construction, in the spe- 
cific case where the layers having a high transmission 
efficiency are made of ITO and the layers having a high 
reflection efficiency are made of Al or an Al alloy, Al 
patterning failure due to an electric corrosion which tends to 
be generated at the Al etching step can be reduced. 

EXAMPLE 17 

FIG. 45 is a partial plan view of an active matrix substrate 
of a liquid crystal display device of Example 17 according 
to the present invention. FIG. 46 is a sectional view taken 
along line N— N of FIG. 45. 

Referring to FIGS. 45 and 46, the active matrix substrate 
includes pixel electrodes 206 formed in a matrix and gate 
lines 202 for supplying scanning signals and source lines 
203 for supplying display signals running along the periph- 
eries of the pixel electrodes 206 so as to cross with each 

The pixel electrodes 206 overlap the gate lines 202 and 
the source lines 203 at the peripheries via an interlayer 
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insulating film 244. The gate lines 202 and the source lines 
203 are composed of metal films. 

A TFT 204 is formed in the vicinity of each of the 
crossings of the gate lines 202 and the source lines 203 as the 

5 switching element for supplying display signals to the 
corresponding pixel electrode 206. A gate electrode 210 of 
the TFT 204 is connected to the corresponding gate line 202 
to drive the TFT 204 with signals input into the gate 
electrode 210. A source electrode 249 of the TFT 204 is 

10 connected to the corresponding source line 203 to receive 
data signals. A drain electrode 205 of the TFT 204 is 
electrically connected to a connecting electrode 255 and 
then to the pixel electrode 206 via a contact hole 245. 
The connecting electrode 255 forms a storage capacitor 

15 with a common line 215 via a gate insulating lilm 209 

The common line 215 is composed of a metal film, and 
connected to a counter electrode formed on a counter 
substrate 256 via an interconnect (not shown). The common 

0Q line 215 may be formed during the same step as the 
formation of the gate lines 202 to shorten the fabrication 
process. 

Each of the pixel electrodes 206 is composed of a layer 
242 having a high reflection efficiency made of Al or an Al 

;s alloy and a layer 246 having a high transmission efficiency 
made of ITO. When viewed from the top, the pixel electrode 
206 is divided into three regions, i.e., two regions T having 
a high transmission efficiency and a region R having a high 
reflection efficiency (corresponding to the hatched portion in 

30 FIG. 45). The layer 242 having a high reflection efficiency 
may also be composed of a conductive metal layer having a 
high reflection efficiency such as Ta as in the above 

Each region R is designed to cover part of light-shading 
35 electrodes and interconnect lines, such as the gale lines 202. 
the source lines 203, the TFT 204, and the common line 215, 
which do not transmit light from a backlight. With this 
construction, the regions of each pixel portion which are not 
usable as the regions T can be used as the region R having 
40 a high reflection efficiency. This increases the aperture ratio 
of the pixel portion. The regions T of each pixel portion are 
surrounded by the region R. 

l he method lor fabricating the active matrix with the 
above construction will be described. 

First, the gate electrodes 210, the gate lines 202, the 
common lines 215, the gate insulating film 209, semicon- 
ductor layers 212, channel protection layers 213, the source 
electrodes 249, and the drain electrodes 205 are sequentially 
formed on a transparent insulating substrate 201 made of 
50 glass or the like. 

Then, a transparent conductive film and a metal film 
which are to constitute the source lines 203 and the con- 
necting electrodes 255 are deposited on the resultant sub- 
strate by sputtering and patterned into a predetermined 

Thus, each of the source lines 203 is of a double-layer 
structure composed the ITO layer 203a and the metal layer 
203fc. The double-layer structure is advantageous in that, 

60 even if the metal layer 203i> is partly defective, the electric 
connection of the source lines 203 is maintained by the ITO 
layer 203a. This reduces the occurrence of disconnections in 
the source lines 203. 

Thereafter, a photosensitive acrylic resin is applied to the 

c5 resultant substrate by a spin application method to form the 
interlayer insulating film 244 with a thickness of about 3 fim. 
The acrylic resin is then exposed to light according to a 
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desired pattern and then developed with an alkaline solution. 
Only the light-exposed portions of the film are etched away 
with the alkaline solution to form the contact holes 245 
through the interlayer insulating film 244. By employing this 
alkaline development, well-tapered contact holes 245 are 
obtained. 

Using a photosensitive acrylic resin for the interlayer 
insulating film 244 is advantageous in the aspect of produc- 
tivity in view of the following points. Since the spin appli- 
cation method can be employed for the thin film formation, 
a film as thin as several micrometers can be easily formed. 
Also, no photoresist application step is required at the 
patterning of the interlayer insulating film 244. 

In this example, the acrylic resin is originally colored and 
can be made transparent by exposing the entire surface to 
light alicrlhe patterning. The acrylic resin may also be made 
transparent by chemical processing. 

Thereafter, an ITO film is formed by sputtering and 
patterned, to be used as the layers 246 having a high 
transmission efficiency of the pixel electrodes 206. finis, the 
layers 246 having a high transmission efficiency, which 
constitute the pixel electrodes 206, are electrically con- 
nected to the corresponding connecting electrodes 255 via 
the contact holes 245. 

The layers 242 having a high reflection efficiency, made 
of Al or an Al alloy, are then formed on the portions of the 
layers 246 having a high transmission efficiency, which 
correspond to the regions R, so as to overlie the gate lines 
202, the source lines 203, the TFTs 204, and the common 
lines 215. The two layers 242 and 246 are electrically 
connected with each other, thereby forming pixel electrodes 
206. Any adjacent pixel electrodes 206 are separated along 
the portions located above the gate lines 202 and the source 
lines 203 so as not to be electrically connected with each 
other. 

As shown in FIG. 46, the thus-fabricated active matrix 
substrate and the counter substrate 256 are bonded together, 
and liquid crystal is injected in a space between the sub- 
strates to complete the liquid crystal display device of this 
example. 

As described above, the liquid crystal display device of 
this example includes the layers 242, having a high reflec- 
tion efficiency, formed above the TFTs 204, the gate lines 
202, and the source lines 203 so as to constitute the regions 
R of the pixel electrodes 206. This eliminates the necessity 
of providing light-shading films for preventing light from 
entering the TFTS 204 and light-shading the portions of the 
pixel electrodes 206 located above the gate lines 202, the 
source lines 203, and the common lines 215. In such 
portions, a light leakage tends to be generated in the form of 
domains, disclination lines, and the like in display regions. 
As a result, the regions which are conventionally unusable 
as display regions because they are blocked by the light- 
shading films can be made usable as display regions. This 
allows for effective use of the display regions. 

When the gate lines and the source lines are composed of 
metal films, they block lighl from a backlight in a conven- 
tional transmission type display device and thus are unus- 
able as display regions. In this example, however, the region 
T having a high transmission efficiency is formed in the 
center portion of each pixel (as two separate portions in this 
example). The region R, having a high reflection efficiency, 
is formed in a shape of strips surrounding the region T That 
is, the region R having a high reflection efficiency overlies 
the gate lines, the source lines, the common line, and the 
switching element, and is used as the reflection electrode 
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region of each pixel electrode. This construction increases 
the aperture ratio of the pixel electrode more than the case 
of the reverse pattern (i.e., the pattern where the region T 
surrounds the region R. 
5 Alternatively, the region R of each pixel may be formed 
as shown in FIG. 47 (hatched portion) including the con- 
necting electrode 255. This suppresses the decrease in the 
brightness of light passing through the region T. 

10 EXAMPLE 18 

In the above examples, the present invention was applied 
to the active matrix liquid crystal display device. The present 
invention can also be applied to a simple matrix liquid 

15 crystal display device. 

Hereinbelow, a basic construction of a pair of a column 
electrode (a signal electrode) and a row electrode (a scan- 
ning electrode) which face each other will be described. In 
the simple matrix liquid crystal display device, the region 

20 where the pair of the column electrode and the row electrode 
cross with each other defines a pixel. 

FIGS. 48A to 48C show one example of such a pixel 
region. Referring to FIG. 48A, a transmission electrode 
region is formed in the center portion of the column elec- 

25 trode in one pixel region, while a reflection electrode region 
is formed in the remaining peripheral portion thereof. The 
construction of the column electrode may be as shown in 
FIG. 48B or 48C. The height of the reflection electrode 
region can be adjusted by forming an interlayer insulating 

30 film between the reflection electrode and the transmission 
electrode as shown in FIG. 48C. 

Alternatively, as shown in FIG. 49A, a reflection electrode 
region may be formed in the center portion of the column 
electrode in one pixel region, while a transmission electrode 

35 region is formed in the remaining peripheral portion thereof. 
The construction of the column electrode may be as shown 
in FIG. 49B or 49C. The height of the reflection electrode 
region can be adjusted by forming an interlayer insulating 
film between the reflection plate and the transmission elec- 

40 trode as shown in FIG. 49C. 

Alternatively, as shown in FIGS. 50A, 503 and 50C and 
FIGS. 51A and 51B, the column electrode may have a 
strip-shaped reflection electrode region. Such a strip-shaped 

45 reflection electrode region may be formed along one side of 
the column electrode as shown in FIGS. 50A to 50C, or 
along the center thereof as shown in FIGS. 51A and 51B. 

Hereinbelow, the features of the liquid crystal display 
device according to the present invention distinguished from 

50 the conventional reflection type or transmission type liquid 
crystal display device will be described. 

In the conventional reflection type liquid crystal display 
device, the display is effected by use of ambient light to 
realize low power consumption. Accordingly, when ambient 

55 light is lower than a certain limit value, the display fails to 
be recognized even if the device is being used in an 
environment where sufficient power supply is possible. This 
is one of the biggest shortcomings of the reflection type 
liquid crystal display device. 

60 If the reflection characteristics of the reflection electrodes 
vary at the fabrication, the ambient light utilization efficien- 
cies of the reflection electrodes also vary. This varies the 
critical value of the ambient light intensity at which the 
display becomes unrecognizable depending on the panels. 

65 At the fabrication, therefore, the variation in the reflection 
characteristics must be controlled more carefully than the 
variation in the aperture ratio of which control is required for 
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the conventional transmission type liquid crystal display 
device. Otherwise, a liquid crystal display device having 
stable display characteristics is not obtained. 

On the contrary, in the liquid crystal display device 
according to the present invention, light from a backlight is 
utilized under the environment where sufficient power sup- 
ply is possible as in the conventional transmission type 
liquid crystal display device. Accordingly, the display can be 
recognized regardless of the intensity of ambient light. Thus, 
the variation in the ambient light utilization efficiency due to 
the variation in the reflection characteristics is not required 
to be controlled as strictly as that in the reflection type liquid 
crystal display device. 

On the other hand, in the conventional transmission type 
liquid crystal display device, when ambient light becomes 
bright, the surface reflection components of the light 
increases, making it difficult to recognize the display. In the 
liquid crystal display device according to the present 
invention, when ambient light becomes bright, the reflection 
regions are used together with the transmission regions. This 
increases the panel brightness, and thus improves the vis- 

Thus, the liquid crystal display device according to the 
present invention can overcome both the problems that 
visibility is lowered due to surface reflection under high (i.e., 
bright) ambient light in a conventional transmission type 
liquid crystal display device and that display recognition 
becomes difficult due to a decrease in the panel brightness 
under low (i.e., dark) ambient light in a conventional reflec- 
tion type liquid crystal display device simultaneously. In 
addition to the above, both the features of these devices can 
be obtained. 

As described above, according to the present invention, 
each pixel includes a region having a higher transmission 
efficiency and a region having a higher reflection efficiency 
than in the case of using a semi-transmissive reflection film. 
In each region, a layer having a high transmission efficiency 
or a layer having a high reflection efficiency serves as the 
pixel electrode. With this construction, unlike the conven- 
tional liquid crystal display device using a semi-transmissive 
reflection film, the utilization efficiency of ambient light and 
illumination light is prevented from decreasing due to stray- 
light phenomenon, for example. Good images can be dis- 
played regardless of the brightness of ambienl light by using 
either a reflection mode display, a transmission mode 
display, or both a reflection mode display and a transmission 
mode display. Since both light from the backlight and the 
ambient light contribute to the display simultaneously and 
efficiently, power consumption significantly decreases com- 
pared with the transmission type liquid crystal display 
device which always uses light from the backlight. 

In other words, the shortcomings thai visibility is signifi- 
cantly lower under low ambient light in a conventional 
reflection type liquid crystal display device and the display 
recognition becomes difficult under high ambient light in a 
conventional transmission type liquid crystal display device 
can be overcome simultaneously by increasing the light 
utilization efficiency according to the present invention. 

Since the regions having a high reflection efficiency partly 
cover the gate lines, the source lines, and/or the switching 
elements, light incident on these portions can also be used 
for the display. Therefore, the effective area of the pixel 
increases markedly. This not only overcomes the problems 
of the conventional device using the semi-transmissive 
reflection film, but also increases the aperture ratio of each 
pixel even if compared with a normal transmission type 
liquid crystal display device. 
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In the case where only a layer having a high transmission 
efficiency constitutes a pixel electrode, the occurrence of a 
defect caused by the pixel electrode can be reduced, com- 
pared with the case where a layer having a high transmission 

5 efficiency and a layer having a high reflection efficiency are 
eiectrically connected with each other to form a pixei 
electrode of one pixel and the case where a layer having a 
high transmission efficiency and a layer having a high 
reflection efficiency partly overlap each other to form a pixel 

to electrode of one pixel. As a result, the yield increases. 

The layer having a high transmission efficiency or the 
layer having a high reflection efficiency may be made of the 
same material as that for the source lines or the gate lines. 
This simplifies the fabrication process of the liquid crystal 

is display device. 

The occupation of the area of the region having a high 
reflection efficiency in the effective pixel area is set at about 
10 to about 90%. This setting overcomes both the problems 
that the display becomes less recognizable when ambient 

20 light is too high in a convention transmission type liquid 
crystal display device and that the display becomes com- 
pletely unrecognizable when the intensity of ambient light is 
extremely low in a conventional reflection type liquid crystal 
display device. Thus, an optimal display can be realized as 

25 a reflection mode display, a transmission mode display, or 
both a reflection mode display and a transmission mode 
display, regardless of the amount of ambient light. 

The reflection/transmission type liquid cryslal display 
device according to the present invention is especially 

30 effective when it is applied to an apparatus in which the 
display screen is not swingable or which cannot be moved 
to a better environment for the convenience of the operator. 
The liquid crystal display device according to the present 

35 invention was actually used as a view finder (monitor 
screen) in a battery-driven digital camera and a video 
camera. As a result, it has been found that the power 
consumption was kept at a low level while the brightness 
suitable for observation was maintained by adjusting the 

40 brightness of the backlight regardless of the brightness of the 
ambient fight. 

When the conventional transmission type liquid crystal 
display device is used outdoors under bright sunlight, the 
display become less recognizable even if the brightness of 

45 the backlight is increased. Under such occasions, the liquid 
crystal display device of the present invention can be used 
as a reflection type device by turning off the backlight, or it 
can be used as the transmission/reflection type device by 
lowering the brightness of the backlight. As a result, good 

Sl display quality and reduced power consumption can be 
realized. 

When the liquid crystal display device according to the 
present invention is used indoors with bright sunlight com- 
ing thereinto, the reflection mode display and the transmis- 

55 sion mode display may be switched therebetween or both 
may be used depending on the directional position of the 
object, to obtain a more recognizable display. When the 
monitor screen receives direct sunlight, the manner 
described in the case of an outdoors use under bright 

60 sunlight may be adopted. When the object is to be imaged in 
a dark corner of a room, the backlight is turned on in order 
to use the device as a reflection/transmission mode display. 

When the liquid crystal display device according to the 
present invention is used as a monitor screen in a car 

c5 apparatus such as a car navigator, also, an invariably rec- 
ognizable display is realized regardless of the brightness of 
ambient light. 
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In a car navigator using the conventional liquid crystal 
display device, a backlight having a higher brightness than 
that used in a personal computer and the like is used, so as 
to be usable during a fine weather and in an environment 
receiving direct sunlight. However, despite such a high 
brightness, the display is still less recognizable under the 
environment described above. On the other hand, a backlight 
with such a high brightness is so bright that the user is 
dazzled and adversely influenced. In a car navigator using 
the liquid crystal display device according to the present 
invention, a reflection mode display can always be used 
together with a transmission mode display. This allows for 
a good display under a bright environment without increas- 
ing the brightness of the backlight. Conversely, under a 
pitch-dark environment, a recognizable display is realized 
by obtaining only a low brightness (about 50 to 100 cd/'m 2 ) 
of the backlight. 

Various other modifications will be apparent to and can be 
readily made by those skilled in the art without departing 
from the scope and spirit of this invention. Accordingly, it is 
not intended that the scope of the claims appended hereto be 
limited to the description as set herein, but rather that the 
claims be broadly construed. 

What is claimed is: 

1. A liquid crystal display element comprising: 
a liquid crystal layer; 

a pair of substrates having the liquid crystal layer inter- 
posed therebetween; 

a pixel region formed within the pair of substrates being 
defined by pixel electrodes for applying a voltage to the 
liquid crystal layer; and 

wherein the pixel region includes a first region having a 
non-transmissive reflection layer with light-reflectivity 
and a second region having light-iransmissivity, and 
reflected light from the first region and transmitted light 
from the second region are adapted to contribute to 
display so that the display can operate in a transmissive 
mode and in a reflective mode; and 

wherein within the pixel region the first region is formed 
in a central portion of a pixel and the second region 
substantially surrounds the first region in the pixel. 

2. A liquid crystal display element according to claim 1, 
wherein a switching device is provided in the pixel region, 
and a transparent electrode connected to the switching 
device functions as a pixel electrode within the first or the 
second region. 

3. A liquid crystal display element according to claim 2, 
wherein the transparent electrode functions as a pixel elec- 
trode within the first and second regions. 

4. A liquid crystal display element according to claim 2, 
wherein the reflection layer is made of the same material as 
an address line connected to the switching device. 

5. A liquid crystal display element according to claim 1, 
wherein the liquid crystal device is a simple matrix type, and 
the pixel region is defined by two strip electrodes crossing 
each other. 
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6. A liquid crystal display element according to claim 1, 
wherein within the pixel region, an area of first region is 
substantially at least 10% of a total area of the pixel region. 

7. A liquid crystal display element according to claim 1, 
5 further comprising a diffusion means for diffusing reflected 

light from the first region. 

8. A liquid crystal display device according to claim 1, 
wherein the reflection layer in the first region is adapted to 
function as one of a respective pair of pixel electrodes. 

10 9. A liquid crystal display device according to claim 8, 
wherein the reflection layer in the first region is formed in a 
plane. 

10. A liquid crystal display device according to claim 8, 
15 wherein the reflection layer in the first region has a con- 
figuration for diffusing and reflecting light simultaneously. 

11. The display element of claim 1, wherein the display 
operates in a transmissive mode using a backlight and in a 
reflective mode using ambient light. 

;,, 12 A liquid crystal display element comprising: 
a liquid crystal layer; 

a pair of substrates having the liquid crystal layer inter- 
posed therebetween; 

25 a pixel region formed within the pair of substrates being 
defined by pixel electrodes for applying a voltage to the 
liquid crystal layer; 
wherein the pixel region includes a first region having a 
reflection layer with light -reflectivity and a second 

30 region having light-transmissivity, and reflected light 
from the first region and transmitted light from the 
second region are adapted to contribute to display; and 
wherein between the first and second regions there is 
provided a further separate region which has a charac- 

35 teristic of reflection or transmission different from that 
of the first and second regions. 
13. A liquid crystal display element comprising: 
a liquid crystal layer; 

40 a pair of substrates having the liquid crystal layer inter- 
posed therebetween; 
a pixel region formed within the pair of substrates being 
defined by pixel electrodes for applying a voltage to the 
liquid crystal layer; 

45 w herein the pixel region includes a first region having a 
reflection layer with light -reflectivity and a second 
region having light-transmissivity, and reflected light 
from the first region and transmitted light from the 
second region are adapted to contribute to display; and 

50 wherein the reflection layer with light-reflectivity of the 
first region is provided to function as a pixel electrode 
within the first region, and within the second region a 
transmission layer is provided with a light- 
transmissivity which is more than that of the reflection 

55 layer in the first region. 
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